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1. The surface of the globe has been inhabited by the human race 
for at least fifty or sixty centuries. During that long period their 
intelligence has been as acute, their interests as exigent, and their 
eraring for material good, asinsatiabfeasatpresamt; yetaiiatoral 
agent of vast power which existed around them, below them, and 
above them, whose {day was incessant in the air, upon the earth, 
and in the waters under the earth, remained unobserved and 
undiscovered until the last ce n t ury ; its powers were imper- 
fectly developed until lata in the present century, and its still 
undeveloped consequences and eflaeta, affecting the well-being and 
progress, physical, moral* sa&iTrtrilccfaial, of the whole human 
race, are such as the -most aoute -and far-sighted cannot foresee. 
This giant power is Steam. 

Since the day on which the land was divided torn the waters by 
the Word of the Most High, erapoimlionr-^hatisihe conversion of 
water into steam,— and condensations—that h the reconversion of 
steam into water,— haw been incessantly in operation upon a vast 
scale, and a corresponding amount of ineehsoieaLfbree has been 
developed and manifested on every part of the globe. By the 
solar heat, the waters of the ocean have been constantly vaporised 
and taken up into the higher regions of the air. Assuming there 
the form of clouds, they have been attracted by the mountains, 
and the more elevated parts of the land. There condensation 
has taken place, and the vapour has been re-converted into 
water, or even reduced by still greater cold to the solid state, 
and has been precipitated in the form of rain, hail, or snow, 
more or loss, on all parts of the land, but chiefly, and most 
abundantly, on the summits of mountain chains, and on the 
more elevated regions. Descending from thence along the sur- 
face, they form the streams of rivers, and the torrents of 
cataracts, manifesting everywhere vast mechanical force, of which 
man has eagerly availed himself, without reflecting on its origin, 
or being conscious that he was using the indirect power of steam. 
By the foroe exhibited in the flow of rivers, transport from the 
interior of continents to their coasts has been effected since the 
earliest times, and among people the least advanced in the arts of 
life. By the force of cataracts, mills have been worked even in 
194 



WATER POWER PROCEEDS FROM EVAPORATION. 

ancient times and among rude nations. In a word, what i% called 
wateb-poweb is, in reality, in all cases, the indirect power 
of steam, being due to the descent of that mass of liquid which 
had been previously elevated on so vast a scale by natural 
•evaporation. 

2. Nevertheless, these phenomena railed to suggest the artificial 
Application of the same power. It was not until the commence^ 
ment of the last -century that any serious progress had been made 
towards the solution of that problem. About that time, engines 
were constructed, in which the elastic force of steam, as well as the 
force resulting from its re -conversion into water, was applied, as 
a, mechanical power. The engines first constructed were defective 
their performance unsatisfactory, and the cost of their main- 
tenance greater than that of the power, which they aspired to 
supersede. At length, hpwever, towards the middle of the last 
century, the genius of Watt was fortunately turned to this problem, 
and those great inventions were made, and improvements effected, 
the final result of which has been the creation of a power, wjuoh. 
has exercised a greater influence upon the condition of the human 
race, material, social, and intellectual, than was ever before 
recorded in the history of its progress. 

3. To enumerate the benefits which the application of steam 
has conferred upon mankind, would be to count every comfort 
and every luxury we enjoy, whether physical or intellec- 
tual, many of which it has created, and all of which it has, 
augmented in an immense proportion. It has penetrated the, 
crust of the earth, and drawn from beneath it boundless trea- 
sures of mineral wealth, which, without its aid, would have 
remained inaccessible ; it has drawn up, in measureless quantify, 
the fuel on which its own life and activity depend ; it has re- 
lieved men from many of their most slavish toils, and reduced 
their labour in a great degree to light and easy superintendence. 
It has increased the sum of human happiness, not only by calling 
new pleasures into existence, but by so cheapening former 
enjoyments as to render them attainable by those who before 
could never have hoped to share them : the surface of the land 
and the face of the waters are traversed with equal facility by its, 
power ; and by thus stimulating and facilitating the intercourse 
of nation with nation, and the commerce of people with people, it 
has knit together remote countries by bonds of amity not likely 
to be broken. Streams of knowledge and information are kept 
flowing between distant centres of population; those more 
advanced diffusing civilisation and improvement among those 
tfcat are more backward. The press itself, to which mankind 
owes in so large a degree the rapidity of their { improTeme^vs^ 
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modern times, has had its power and influence increased in at 
manifold ratio by its union with the steam engine* It is thus 
that literature is cheapened, and, by being cheapened, diffused ; 
it is thus that Reason has taken the place of Force, and the pen 
has superseded the sword ; it is thus that war has almost ceased 
upon the earth, and that the differences which inevitably arise 
between civilised nations are for the most part adjusted by peaceful 
negotiation. 

If this last result of a high state of civilisation and intelligence 
fails to be manifested, the case can only arise where a barbarous 
power intervenes, which is deaf to reason, and only controllable 
by brute force. 

4. The steam-engine is a piece of mechanism by which fuel is- 
rendered capable of executing any kind of labour. By it coals are 
made to spin, weave, dye, print, and dress silks, oottonz, woollens, 
and other cloths; to make paper, and print books on it when- 
made ; to convert corn into flour ; to press oil from the olive, and 
wine from the grape ; to draw up metal from the bowels of the 
earth ; to pound and smelt it, to melt and mould it ; to forge it ; 
to roll it, and to fashion it into every form that the most wayward 
caprice can desire. Do we traverse the deep ? — they lend wings^ 
to the ship, and bid defiance to the natural opponents, the winds 
and the tides. Does the wind-bound ship desire to get out of 
port ? — they throw their arms around her, and place her on the 
open sea. Do we traverse the land ? — they are harnessed to our 
Chariot, and we outstrip the flight of the swiftest bird, and equal 
in speed the fury of the tempest. 

The substance by which these powers are rendered active is one* 
which Nature has provided in boundless quantity in all parts of 
the earth, and though it has no price, its value is inestimable. 
This substance is Wateb. 

5. Those who desire to comprehend clearly and folly this vast 
agency, to which so much of the advancement and civilisation of 
mankind is due, must learn successively, 1st. The principles on 
\frhich heat is evolved from fuel ; 2nd. The expedients by which 
that heat is imparted to water ; 3rd. The quantity of it which is. 
absorbed in the conversion of water into steam ; 4th. The mecha- 
nical power developed in this physical change; and 5th. The- 
mechanism by which that power is applied to industrial uses. 

It is obvious that the last of these points would include the 
exposition of the structure and operation of the varieties of steam- 
engines which have been applied to the purposes of commerce and 
manufactures, to railways and navigation. Upon this large 
subject it is not our present purpose to enter. We shall, however, 

plain the preceding, so as to enable our readers, with moderate 
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attention, to comprehend clearly the origin of the power of steam, 
and the physical conditions which determine its maintenance and 
its limits. 

6. The general principles upon which heat is developed in the 
combustion of fuel have been already explained in our Tract an 
Fire. It appears from what is there stated, that the varieties of 
coal are chiefly combinations of carbon and hydrogenous gases, 
the proportion varying in different sorts, but the carbon entering 
into its composition in very large proportions in all cases. In 
different sorts of mineral combustibles, the proportion of carbon 
varies from 75 to 90 per cent. 

When carbon is heated to a temperature of about 700° in an 
atmosphere of pure oxygen, it will combine chemically with that 
gas, and the product will be the gas called carbonic acid. In this 
combination heat is evolved in very large quantities. This effect 
arises from the heat previously latent in the carbon and oxygen 
being rendered sensible in the process of combustion. The carbonic 
acid proceeding from the combustion is by such means raised 
to a very high temperature, and the carbon during the process 
acquires a heat so intense as to become luminous; no name, 
however, is produced. 

Hydrogen, heated to a temperature of about 1000°, in contact 
with oxygen, will combine with the latter, and a great evolution, 
of heat will attend the process; the gases will be rendered 
luminous, and flame will be produced.* 

If coals, therefore, or other fuel exposed to atmospheric air be 
raised to a sufficiently high temperature, their combustible con- 
stituents will combine 'with the oxygen of the atmospheric air, 
and all the phenomena of combustion will ensue. In order, how- 
ever, that the combustion should be continued, and should be 
carried on with quickness and activity, it is necessary that the 
carbonic acid and other products should be removed from the 
combustible as they are produced, and fresh portions of atmospheric 
air brought into contact with it; otherwise the combustible would 
soon be surrounded by an atmosphere composed chiefly of carbonic 
acid to the exclusion of atmospheric air, and therefore of uncom- 
bined oxygen, and consequently the combustion would cease, and 
the fuel be extinguished. To maintain the combustion, there- 
fore, a current of atmospheric air must be constantly carried 
through the fuel: the quantity and force of this current must 
depend on the quantity and quality of the fuel to be consumed. 
It must be such that it shall supply sufficient oxygen to the fuel 
to maintain the combustion, and not more than sufficient, since 

•* For the mil explanation of this process, see Tract on Fire. 
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any excess would be attended with the effect of absorbing the- 
heat of combustion, without contributing to the maintenance of 
that effect.* 

The mechanical force of steam is developed in three ways— 
I. 'By evaporation ; II. By expansion; and III. By condensation. 
We^shall accordingly explain these severally. 



Fig 1. 



7. I. — FORCE DEVELOPED BY EVAPORATION. 

To render intelligible the manner in which a mechanical power 
is developed in the conversion of water into steam, and the 
circumstances which attend that remarkable 
physical change, we will suppose a quantity of 
pure water deposited in the bottom, a, of a 
tube, b a, fig. 1. To render the explanation 
more simple, we will suppose that the area of 
the section of the tube is equal to a square 
inch, and that the quantity of water deposited 
in it is a cubic inch. We will further imagine 
the tube to be glass, so that the phenomena 
developed in it may be visible. Let a piston, 
p, be imagined to be fitted in the tube, air 
tight and steam tight, and to be placed in 
immediate contact with the surface of the 
water, so as to exclude all communication 
between the water and the air above the piston. 
In this case the piston would be pressed upon 
the water by the pressure of the atmosphere 
upon a square inch of surface added to the 
weight of the piston itself. But the former 
pressure is equal to 15lb.,f and therefore the 
procure on the surface of the water will exceed the weight of the 
piston by 1 5 lb. Now to simplify our explanation by excluding 
all reference to the atmospheric pressure, and the particular 
weight of the piston, P, we shall suppose both of these exactly 
counterpoised by the weight, w, so that the piston shall be placed 
in contact with the surface of the water, without, however, 
exerting any pressure upon it. 

These conditions being understood, let a weight, say of 15 lb., 
be placed upon the piston P, and let a fire, a lamp or any other 
regular source of heat, be applied to the bottom of the tube. If a 
thermometer were immersed in the water under the piston, the 
following effects would then be observed: — 




* See Tract on Fire. 
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The thermometer would rise, the piston maintaining its position, 
and. this would continue until the thermometer would rise to the 
temperature of 212°. Upon rising to that temperature the 
thermometer would remain stationary, and at the same time the 
piston, p, would begin to rise, leaving a space apparently empty 
between it and the surface of the water. The lamp, or fire, still 
continuing to impart the same heat to the water, the thermometer 
nevertheless will remain stationary at 212°, but the piston will 
continue to rise higher and higher in the tube, and if the depth of 
the water in the bottom of the tube be measured, it will be found 
that it is constantly diminished. If a sufficiently exact measure- 
ment of the decrease of the depth of water, and the height to 
which the piston is raised could be made, it would be found that 
the one would bear a fixed and invariable proportion to the other, 
the height of the piston being always 1669 times the decrease of 
the depth of water. 

In fine, if this process were continued for a sufficient time, and 
if the tube had sufficient length, the water would altogether 
disappear from the bottom of the tube, and the piston would be 
raised 1669 inches, or 139 feet very nearly. For the convenience 
of round numbers, in a case where the most extreme arithmetical 
accuracy is not needed, we shall then assume that the piston 
loaded with 151b. has been raised 140 feet. 

8« After this has taken place the tube below the piston will 
appear to be quite empty, the water having disappeared, and no 
visible matter having taken its place. If, however, the tube and 
its contents were weighed, they would be found to have the same 
weight precisely as they had when the water was deposited under 
the piston. 

The phenomenon is easily explained. The heat applied to the 
tube has converted the visible liquid water into invisible steam. 
It is a great but very common error to suppose that the whitish 
cloudy vapour which is seen to issue from the safety valve of an 
engine, or the funnel of a locomotive, or the spout of a boiling 
kettle, is steam. The semi-transparent matter which floats in the 
air, and continues to be visible for some time after it escapes from 
the boiler, is in fact not steam, but water existing in very minute 
particles, produced by the condensation of the steam by the 
contact of the colder air. When those particles coalesce and form 
'Small drops of water, they either fall to the ground or are 
evaporated at a lower temperature, and in either case disappear. 
If the vapour issuing from the safety valve of an engine, or the 
«pout of a boiling kettle, be closely examined, it will not be found 
to have that cloudy semi-transparent appearance until it has 
passed to some distance from the point from which it issues. 
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• Pore steam is, in fact, a transparent and invisible elastio fluid 
like air, and this explains how it is, that in the tube, A B, the 
space below the piston, after the evaporation of the water, appear* 
to bo empty. It is, however, no more empty than if it were filled 
with air. It is filled with the invisible elastic vapour into which 
the water has been converted by the heat which has been applied 
to it. 

9. It remains now to show what is the quantity of mechanical 
force evolved in this conversion of water into steam, and what 
quantity of heat has been absorbed in producing it. 

From what has been stated above, it appears that the water in 
passing into vapour has swelled into 1669 times its original bulk, 
being subject to a compressing force of 15 lb. upon the square 
inch. In thus expanding, the weight of 15 lb. has been raised 
140 feet, an effect which is mechanically equivalent to 140 tunes 
151b., that is 21001b. raised one foot. 

10. To estimate the quantity of heat absorbed in producing this 
effect, let us suppose that in the commencement of this process, 
the water under the piston has the temperature of 32°, and that 
the lamp, or other source of heat, which is applied to it acts with 
such uniformity as to impart exactly the same quantity of heat 
per minute. 

Let the time which elapses between the first application of tho 
lamp and the moment at which the water attains the temperature of 
212* and begins to be evaporated, be observed, and also the interval 
between the commencement of evaporation and the total disap- 
pearance of the water. It will be found that the latter interval is 
5 J times the former. It follows consequently that to convert water 
at 212° into steam requires 5| times as much heat as is necessary 
to raise the same water from 32° to 212°, or what is the same, the 
quantity of heat which would convert water at 212° into steam 
would increase the temperature of the same water by 5| times 
180*, that is by 990°, if it had remained in the liquid state. 

It follows also, that to convert water at 32° into steam will take 
6J times as much fuel as would be sufficient to boil the same 
water. 

11. It may be asked, what becomes of the enormous quantity of 
heat thus imparted to the water during the process of its evapo- 
ration, seeing that the water itself receives no increase of tempe- 
rature, being maintained steadily at 212°, and that the steam into 
which it is converted has tho same temperature ? This is answered 
by showing that the entire quantity of heat which thus disappears 
to the thermometer is absorbed by the steam, and must in fact be 
regarded as the immediate cause of its maintaining the elastic or 
vaporous form. That it is actually contained in the steam, though 
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its presence is not indicated by the thermometer, is incontestably 
established by the result of the following process :— 

Let the steam, at 212°, which has been evolved from a cubic 
inch of water at 32°, be mixed with 5§ cubic inches of water at 
the temperature of 32°. The steam will be at once reconverted 
into water, and the mixture will be 6| cubic inches of water, the 
temperature of which will be 212°. Thus it appears that the steam 
at 212°, when reconverted into a cubic inch of water at 212°, 
parts with as much heat as suffices to raise 5§ cubic inches 
of water from 32° to 212°, which is exactly the quantity of heat 
which disappeared while the water was converted into steam. 

The heat which is thus contained in steam, without affecting 
the thermometer, is said to be latent, and the latent heat of steam 
is therefore stated to be about 1000°, the meaning of which is, 
that to convert boiling water into steam as much heat must be 
imparted to it as would raise it 1000° higher in temperature if it 
did not undergo that change of state. 

12. In the preceding explanation we have supposed the piston P 
to carry a weight of 15 lb. Let us now consider in what manner 
the phenomena would be modified if it were loaded with a greater 
or less weight. 

If it were loaded with 301b., the conversion of the water under 
it into steam would not commence until the temperature is raised 
to 251 1°, and when the whole of the water is evaporated, the piston 
would be raised to the height of only 883 inches, being a very 
little more than half the height to which it was raised when the 
evaporation took place under half the pressure. For all practical 
purposes, then, we shall be sufficiently accurate in stating, that 
when the weight on the piston p is doubled, it will be raised by 
the evaporation of a given quantity of water to half the height. 

In general, in whatever proportion the weight on the piston is 
increased, the height to which it is raised by the evaporation of a 
given quantity of water will be decreased, and in whatever pro-* 
portion the weight is diminished, the height will be increased. 

13. It follows, therefore, that in all cases, whatever be the 
pressure under which the evaporation takes place, the same mecha- 
nical force is developed by the evaporation of the same quantity of 
water. Strictly speaking, there is a little more force with greater 
pressures, but the difference is so small, and so nearly balanced by 
certain practical disadvantages attending high pressures, that it 
may be wholly disregarded. 

Since the amount of force developed by each cubic inch of water 
evaporated is equivalent to 2100 lb. raised one foot, we shall be 
sufficiently near the truth in stating in round numbers that such 
a force is equivalent to a ton weight raised a foot high. 
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It appears also, that under & pressure of 15 lb. per square inch, 
water swells into 1669 times its bulk when it is converted into 
steam. Since a cubic foot is 1728 cubic inches, and since tho 
mean atmospheric pressure is a little under 15 lb., it may be 
stated with sufficient precision for all practical purposes, that & 
cubic inch of water, CTaporated under the mean atmospheric 
pressure, will produce a cubic foot of steam. 

14. II. — FOBCE DEVELOPED BY EXPAJfSIOH. 

Steam, in common with all vapours and gases, exerts & certain 
mechanical force by its property of expansibility. 

To render tf"« source of m?ffr«*"«»1 power intelligible, let us 
suppose the piston p loaded at first with 60 lb. for example, and 
under this .pressure let the water be evaporated, and the piston 
raised to the height of 35 feet. The power thus developed will be 
that due to evaporation alone. But after the evaporation has 
ceased, and when the piston, with its load of 60 lb., is suspended 
at the height of 35 feet, let 15 lb. be taken from it, so as to leave 
a load of only 45 lb. The pressure below the piston being then 
greater than its load, it will be elevated, and as it is elevated, the 
steam below it increasing in volume, will be diminished in pressure 
in the same proportion, until the piston is raised to a height equal 
to one-third part of 140 feet, when the pressure below it will be 
equal to the load upon it, and it will remain suspended. During 
this expansive action of the steam, therefore, 45 lb. have been 
raised through a height equal to a difference between £ and J, that 
is, through -fc of 140 feet. 

At this point let 15 lb. more be supposed to be removed from 
the piston, so that its load shall be reduced to 30 lb. The pressure 
below it being, as before, greater than its load, the piston will be 
raised, and will continue to rise, until it rise to a height equal to 
half of 140 feet, when the pressure, reduced by expansion, will 
become equal to the load, and the piston will again become 
suspended. 

In this interval 30 lb. have therefore been raised by the 
expansive action of the steam, through the difference between £ 
and 4-, that is, through £ of 140 feet. 

Finally, suppose 15 lb. more to be removed, and the piston will 
rise with the remaining 15 lb. to the height of 140 feet, so that, 
in this last expansive action, 15 lb. are raised through a height 
equal to the half of 140 feet. 

It is evident that the result of the expansive action may be 
indefinitely varied by varying the extent of its play. 

Meanwhile, whatever may be its amount, it is clearly quite 
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independent of the process of evaporation, and, indeed, of every 
property by which vapours are distinguished from air or gases, 
inasmuch as these latter, being similarly compressed, would 
similarly expand, and would developo in their expansion precisely 
the same force. 

15. III. — FOBCE DEVELOPED BY CONDENSATION. 

It has been already explained *• that as heat converts water 
into steam, so, on the other hand, will cold convert steam into 
water ; and as water, in passing from the liquid to the vaporous 
state, is swelled into a vastly increased volume, so, on the other 
hand, in passing from the vaporous to the liquid state, it suffers 
a proportionate diminution of volume. Thus if the evaporation 
take place under a pressure of 15 lb., a cubic inch of water is 
dilated into a cubic foot of steam. Now, if by the application of 
cold this steam is converted into water, it will resume its original 
dimensions, and will become a cubio bob of water. This change 
of vapour into water has therefore been called Condensation, 
inasmuch as the matter of which it consists, contracting into a 
much smaller volume, is rendered proportionally more dense. 

This property has supplied another means of rendering steam a 
mechanical agent. Let us suppose that after the piston p, fig. 1, 
has been raised 140 feet high by the evaporation of a cubio inch 
of water, the counterpoise, w, having descended through the same 
height, an additional weight of 15 lb. is placed upon w, and, at 
the same time, the lamp withdrawn from the tube and cold 
applied to its external surface. The steam by which the piston 
was raised will then be converted into water, or condensed, and 
will, as at first, fill the bottom of the tube to the height of an 
inch. The space within the tube above the surface of the water 
extending to the height of 140 feet, will then be a vacuum, and 
the atmospheric pressure acting above the piston, not - being 
resisted by any corresponding pressure below it, will force the 
piston down with a force of 15 lb., and will raiso the weight w, 
loaded with the additional 15 lb. through tho samo height. 

Thus, it appears that when steam is condensed, or reconverted 
into water, by producing a vacuum, it developcs a mechanical 
force equal to that which was developed in the conversion of 
water into vapour. 

The mechanical power developed by the evaporation of water 
has been sometimes called the direct power, and that produced 
by the conversion of vapour into water the indirect power of 

* See Tract on Water, 



STEAM. 

steam, because the immediate agent in the former case is the 
elastic force of the steam itself, while the agent in the latter case 
is the atmospheric pressure, to which effect is given by the vacuum 
{produced by the condensation of steam. 

16. The three sources of mechanical power which have been 
explained, have been used sometimes separately and sometimes 
together in different forms of steam engine. 

In the class of engines commonly called high-pressure engines, 
the direct power alono is used. In a class of engines, now out of 
use, called atmospheric engines, the indirect power alone was 
used* In the engines most generally used in the arts and manu- 
factures, known as low pressure or condensing engines, both 
powers are used. 

To obtain the mechanical effect of the vacuum produced by the 
condensation of steam, it is not necessary that the atmospheric 
pressure should be used. If we suppose that while the vacuum is 
produced below the piston p, steam having a pressure equal to 
that of the atmosphere be admitted to the upper side of it, the 
piston will be urged downwards into the vacuum with the same 
force exactly as if the atmosphere acted upon it. 

And, in effect, this is the method by which the indirect force of 
steam is rendered effective in all engines as at present constructed, 
the piston being in no case exposed to the atmosphere* 

17. In the preceding illustration of the power of steam, we 
have supposed the piston p to have the area of a square 
inch, and to be raised continuously to the height of 140 feet. < But 
it is evident that such conditions are neither necessary nor prac- 
ticable. If the piston had an area of ten square inches the same 
amount of evaporation would raise it to the tenth part of the 
height; but the force with which it would be raised, being 
at the same time increased in a tenfold proportion, the me- 
chanical effect would be the same, for it is evident that whether 
15 lb. be raised 140 feet, or 10 times 15 lb. be raised the 
10th part of 140 feet, the same mechanical effect would be 
produced. 

The piston acted upon by the steam, instead of being continu- 
ously driven in one direction, may be alternately elevated and 
depressed, and still the some amount of power will be developed. 
'Thus the evaporation may bo continued until the piston has been 
raised 10 foot* The steam which raised it may then be con- 
densed, and the piston having descended to the bottom of the 
tube, it may again be raised 10 feet by evaporation as before, and 
this may be continued indefinitely. In this way, by means of a 
short tube or cylinder, the mechanical effect attending the evapo- 
ration of any quantity of water may be obtained, and this, in 
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fact, is what is accomplished in steam engines as they aro practi- 
cally worked. 

Tho direct and indirect powers of steam may also be easily 
combined as well in the ascent as in the descent of tho piston. 
If wo suppose the upper part of the tube, instead of being open to* 
the atmosphere, to communicate with a reservoir of water, to- 
which, like the bottom of the tube, a lamp or other sourco of heat 
is applied, steam may be admitted above the piston p as well as 
below it. Now, if such be the case, it is easy to imagine how 
the piston can be at the same time affected by the direct and indi- 
rect power of the steam. Thus, if we suppose that a vacuum has; 
been formed above it, by the condensation of steam, admitted from 
the upper reservoir, while steam produced from the lower reser- 
voir acts below it, the piston will be forced upwards bythe com- 
bined effect of the direct action of the steam below and the 
indirect action of the condensed steam above, and when the piston 
has been thus raised, we can imagine that while steam is admitted 
above it from the upper reservoir, that which is below it may be 
condensed, in which oase it will be forced down by the combined 
effect of the direct action of the steam above it and the indirect 
action of the condensed steam below it, and it is evident that 
such alternate action may be indefinitely continued. 

Such is the effect of the broad principle upon which all engines 
of the class called condensing, or low-pressure engines, are- 
constructed. In their details there are numerous points of 
great practical importance and of much interest in a mechanical 
point of view. These arrangements, however, not affecting the 
principle of steam, regarded in its most general sense, need not 
here be further noticed. On a future occasion we shall explain 
such of them as have the greatest popular interest. 

18. The apparatus by which the combustion of the fuel is 
effected, and by which the heat evolved is transmitted to the 
water to be evaporated, are furnaces and boilers of very various, 
forms and construction, according to the circumstances in which 
they are applied, the one being adapted to the other, so that as. 
much of the heat shall arrive at the water as the circumstances of 
their application permit. 

19. The quantity of water which would be evaporated, if all the 
heat evolved in the combustion of a given weight of fuel could be 
transmitted to the water, is the theoretical evaporating 
power of the fuel, and the quantity of water actually evaporated 
by it is the practical evaporating power. 

The theoretical evaporating power varies with the quality of the 
fuel. A given weight of certain species of coal will evolve in 
combustion a greater or less quantity of heat than other species* 
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In general, it may be stated that the strongest ooals, meaning by 
that term those which hare the greatest evaporating power, are, 
those which are richest in carbon. 

Hie practical evaporating power of a given species of coal varies 
with the form, construction, and magnitude of the furnace and 
boiler. That portion of the heat which does not reach the water 
is dissipated in various ways. A part of it is lost by radiation 
from the grate ; a part by radiation from the boiler ; a part is 
carried by the heated gases of combustion into the chimney. The 
first two sources of waste of heat are reduced to a very small 
amount by a variety of ingenious contrivances. But the last is 
indispensable to the maintenance of the combustion, and ought to 
be considered as the power by which the furnace is worked, rather 
than a waste of heat. 

20. The grate upon which the fuel is placed is surrounded. on 
every side by parts of the boiler within which water is contained. 

In some boilers, even the ash-pit is a part of the surface of tfee 
boiler under which there is water. In this case, all the heat 
radiated from the grate, and the fuel upon it, is transmitted to 
the boiler ; and in all cases the furnace is surrounded on every 
side, except the bottom of the grate or ash-pit, with surfaces 
having water within them. 

21. The waste of heat by radiation from the surfaces of the 
boiler, steam-pipes, cylinder, and other parts of the machinery in 
which steam is contained, or through which it passes, is dimi- 
nished by various expedients, which in general consist in 
surrounding such surfaces with packing, casing, or coating, 
composed of materials which are non-conductors, or at least very 
imperfect conductors of heat. 

In some cases the boiler is built round in brick work. In 
Cornwall, where economy is carried perhaps to a greater extent 
than elsewhere, the boiler and steam-pipes are surrounded with a 
packing of sawdust, which being almost a non-conductor of heat, 
is impervious to the heat proceeding from the surfaces with which 
it is in contact, and consequently confines all the heat within the 
boiler. In marine boilers it has been the practice recently to 
clothe the boiler and steam-pipes with a coating of felt, which 
is attended with a similar effect. When these remedies are 
properly applied, the loss of heat proceeding from the radiation 
of the boiler is reduced to an extremely small amount. The 
engine houses of some of the Cornish engines, where the boiler 
generates steam at a very high temperature, are frequently 
maintained at a lower temperature than the external air, and 
on entering them they have in a great degree the effect of a 
cave. 
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The cylinders are often cased in wood. The boilers of loco* 
motive engines are always covered with a coating of boards. 

By these and many other expedients for the economy of heat, 
and mora especially by the extensive application of the expand 
sive force of steam, the mechanical power evolved from the 
combustion of coals has been increased to an almost incredible 
extent. 

22. A system of public inspection, of the performance of 
the engines worked in the mining districts of Cornwall, was 
established about forty years ago, which has been continued 
to the present time with the greatest advantage to the mining 
interests in particular, and to the engineering and commercial 
world in general. An exact account is kept, and periodical 
reports published of the quantity of fuel consumed by each 
engine, and the quantity of work done, the latter being expressed 
always foy an equivalent weight, raised one foot high. The ratio 
of the fuel consumed to the weight thus raised is called the duty 
of the engine. 

23. The improved efficiency of steam machinery is illustrated 
in a striking manner by these reports. It appears by them, that, 
in 1813, the average mechanical effect of a bushel of coals, 
applied in the best of the Cornish engines, was 11785 tons raised 
one foot. In 1837, this duty was 38935 tons raised one foot. 
The duty was therefore augmented in the ratio of 1 to 3£. 

The increase of the mechanical efficiency of fuel has still gone 
on from year to year, and it may now be considered that a bushel 
of coals, of average quality, applied under good conditions of 
economy to the most efficient engines, is capable of producing a 
mechanical effect equivalent to 50000 tons raised one foot. 

24. It follows, therefore, that a pound of coal has a mecha- 
nical virtue expressed by six hundred tons weight raised one foot 
high. 

?5. It is only by comparison with other physical agents that 
we can duly appreciate this prodigious mechanical power of coals. 

It is calculated that the materials composing the great pyramid 
of Egypt might have been elevated from the level of its base to 
their actual places by the combustion of 700 tons of coal. 

26. Those of the Menai Bridge might have been raised from the 
level of the water by 400 lb. of coal. 

27. A train of coaches weighing 80 tons, and conveying 240 
passengers, is drawn from Liverpool to Birmingham, and back 
from Birmingham to Liverpool by the combustion of 4 tons of 
coke, the cost of which is 5/. To carry the same number of 
passengers daily on a common road would require an establish- 
ment of 20 stage coaches and 3800 horses. 
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The circumference of the earth measures twenty-five thousand 
miles ; if it were begirt with an iron railway, such a train as 
above-described, oarrying two hundred and forty passengers, 
Would bo drawn round it by the combustion of about three 
hundred tons of coke, and the circuit would be accomplished in 
five weeks. 

28. The enormous consumption of coals produced by the appli- 
cation of the steam-engine in the arts and manufactures, as well 
as to railways and navigation, has of late years excited the fears 
of many as to the possibility of the exhaustion of our coal-mines. 
Such apprehensions are, however, altogether groundless. If the 
present consumption of coal be estimated at sixteen millions of 
tons annually, it is demonstrable that the coal-fields of this country 
would not be exhausted for many centuries. 

But in speculations like these, the probable, if not certain 
progress of improvement and discovery ought not to be overlooked; 
and we may safely pronounce that, long before such a period of time 
shall have rolled away, other and more powerful mechanical agents 
will supersede the use of coal. Philosophy already directs her finger 
at sources of inexhaustible power in the phenomena of electricity 
and magnetism. The alternate decomposition and recomposition 
of water, by electric action, has too close an analogy to the alter- 
nate processes of vaporisation and condensation, not to occur at 
once to every mind: the development of the gases from solid 
matter by the operation of the chemical affinities, and their cub- 
sequent condensation into the liquid form, has already been 
essayed as a source of power. In a word, the general state of 
physical science at the present moment, the vigour, activity, and 
sagacity with which researches in it are prosecuted in every 
civilised country, the increasing consideration in which scientific 
men are held, and the personal honours and rewards which begin 
to be conferred upon them, all justify the expectation that we are 
on the eve of mechanical discoveries still greater than any which 
have yet appeared ; that the steam-engine itself, with its gigantie 
powers, will dwindle into insignificance in comparison with the 
energies of nature which are still to be revealed ; and that the day 
will come when that machine, which is now extending the blessings 
of civilisation to the most remote skirts of the globe, will cease to 
have existence except in the page cf history. 
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THE STEAM ENGIKE. 

1. "Whew the prodigious impetus given to civilisation all over 
jhe world, during the last hundred years, by the invention and 
improvement of the steam-engine is considered, and when it is 
observed that this, so far from being a temporary influence, is one 
that has constantly gone on, and still goes on with augmented and 
vastly accelerated energy, 

Mobilitate viget viresque acquirit eundo, 

it cannot be matter of surprise, that every one endowed with the 
most moderate gifts of sense and intelligence, whatever may be 
his position on the social scale, is animated with a strong desire to 
obtain some knowledge of the extraordinary machine by which 
results of such vast, enduring, and wide-spread importance have 
been attained. 

Though comparatively few have the time, the inclination, or 
the peculiar intellectual aptitude to follow out the details of the 
mechanism of this great invention, as developed in its numerous 
applications to the various arts of life, all who are by circum- 
stances and education raised above the condition of tike rudest 
and most unskilled labourer have both the time and the mental 
qualifications to acquire a general acquaintance with the machine, 
and with the physical principles from which it derives its power. 
To this large class we now address ourselves, and propose to 
present them in a very brief compass with a general view of the 
principle and mechanism of the steam-engine, confining ourselves 
chiefly to those broad and general features which are common to 
all varieties of the machine, and discarding for the present 
such minute details of the mechanism as are applied only 
in particular forms of steam-engine, and which, though often 
admirable for ingenuity of design and contrivance, are neverthe- 
less subordinate in interest when brought beside the larger 
and more general views we now refer to. 

2. The steam-engine, whatever be its form or purpose, 
consists of two essentially different parts ; the first, that in which 
the steam is generated, and the second, that in which the steam is 
worked. Although these taken together are essential to the per- 
formance of the machine, the name steam-engine in its strictest sense 
would signify only the latter, the former being called theboiler. 

3. Boilers vary much in magnitude, form, structure, and even 
in material, according to the purpose to which they are applied, 
and the circumstances under which they are used. There are, 
however, certain characters common to all. 

Every boiler consists of a reservoir for the water and steam, and 
a furnace with its appendages for the combustion of the fuel, the 
heat evolved from which is the physical agency by which the 
Z 
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evaporation is produced and maintained. The boiler is formed of 
plates of metal, of suitable thickness, rivetted together, so as to 
be steam-tight, that is to say, so that steam cannot be forced be- 
tween them. 

The manner in which the plates are rivetted together is shown 
in fig. 1, the edges of the plates being laid one upon the other 
and their surfaces forced Fig# 1# 

into steam-tight contact by 7* y 

rivets r r' passing through mmmm ^^ m j^^manmm^^^m mm ^^^ 
holes punched in them, the /•» r* ' 

heads of the rivets being formed by the hammer while the iron is 
still soft by heat. 

The appearance of the rows of rivets along the edges of the 
plates composing the boiler is shown in the general view of a 
waggon-boiler in fig. 7. 

4. The material of the boiler is most commonly wrought iron. 
Copper is sometimes though very rarely used. It has an advan- 
tage over iron, inasmuch as it is a better conductor of heat, and 
is less liable to become incrusted by lime and other earthy matter, 
which is always held in solution by the water, and precipitated 
in the process of evaporation. It is also more durable than iron, 
but is excluded, save in rare and exceptional cases, because of its 
greater cost. 

Cast iron, though cheaper than wrought iron, would be inadmis- 
sible for several reasons, one of which is its brittleness. If 
explosion happened it would fly in pieces, the fragments becoming 
destructive missiles. In case of explosion wrought iron would be 
ripped and torn. The one is tough, the other brittle. 

5. The boiler is a reservoir not only for water but for steam. 
The steam, being much lighter, bulk for bulk, than water will always 
ascend in bubbles through the water, and will collect in the upper 
parts of the boiler. The space within the boiler, therefore, maybe 
conceived to be divided at a certain level between the water and 
the steam. All the space below that level is appropriated to the 
water, all above it to the steam. 

But according as the water is converted into steam, the quantity 
contained in the boiler being proportionally diminished, this level 
would fall continually lower and lower. That, however, is pre- 
vented by a feeding apparatus, which generally consists of 
forcing pumps, of adequate power, by which as much water is 
driven into the boiler as is converted into steam by the furnaces. 
This feeding apparatus is, in some cases, worked only from time 
to time to replenish the boiler, in other cases the supply i» con- 
tinual. In the former case, the level which separate* *ka ^tesaa. 
from the water alternately rises and fafta \rvftsai wntato^es^T 
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While the action of the feeding apparatus is suspended it fells 
gradually as the evaporation proceeds. When it has descended to 
a certain point the feeding apparatus is put inaction and the level 
rises again to its former limit, after which it is again suspended, 
and so on. This rise and fall of the level of the water in the 
boiler is, or ought to he, restrained between such limits, that the 
level is never either injuriously high or injuriously low. 

When the feeding apparatus works incessantly, the water in the 
boiler is kept always at the same level, the arrangements being 
such that by a self-adjusting mechanism, the quantity of water 
supplied to the boiler, from minute to minute, is exactly equal to 
the quantity evaporated. 

6. The importance of keeping the boiler duly supplied with 
water will be easily understood. So long as those parts of the 
boiler which are exposed to the action of the furnace are filled 
with water the metal can never become unduly heated, because all 
the heat imparted by the furnace is absorbed by the water in 
evaporation. But if the level of the water were allowed to sub- 
side below any part which is exposed to the action of the furnace, 
the heat acting upon such parts not being taken up by the water, 
and the steam which in that case would alone be in contact with 
them, being a slow recipient of heat, the plates of the boiler would 
soon become red hot, and would consequently be softened, so as 
no longer to possess the strength necessary to resist the pressure 
within them, and the boiler would burst. For this reason, it is 
always of the utmost importance to provide means to ensure such 
a supply of water as shall prevent the level from ever falling 
below the highest parts upon which the furnace acts. 

Inconvenience of a different kind would be produced by over- 
feeding, and consequently by raising the level of the water above 
a certain limit. When the water in a boiler is in a state of strong 
ebullition, which it always is in the boilers of engines in fall 
operation, bubbles of steam are produced in great quantities in 
the lowest parts, these being the parts upon which the action of 
the furnace is most energetic. These bubbles, rising with violence 
to the surface, throw up the water in spray, so that the part of 
the boiler above the level of the water is filled with a mixture of 
pure steam and of particles of water in minute subdivision. The 
latter, however, fall back into the water by their gravity, provided 
that the space left for the steam have sufficient height. The 
upper part of that space will then be supplied with pure steam 
without intermixture with spray. But if the boiler be over-filled 
with water, so that the space left for the steam have so little 
height that more or less spray is mixed even with the highest 
parts of it, this spray will be drawn into the working part of the 
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machine, and will be attended with, the two-fold evil of injuring 
the performance of the engine and wasting a quantity of heat 
which would otherwise be employed in producing steam, and 
therefore producing mechanical power. 

7. Nevertheless with all practicable precautions spray some- 
times issues with the steam from the boiler to the engine. Steam, 
in this condition, is like the air when a fine misty rain floats 
in it, and is called wet steam by the engineers; the steam 
when free from this defect being called dby steam. A handker- 
chief held in dry steam issuing from the valve of a boiler will be 
no more damped than it would be by a blast of wind ; but if the 
steam be charged more or less with spray, its presence will be 
shown at once by the moisture it would deposit. 

8. The spray with which wet steam is charged is called by the 
engineers pbiming. 

9. It appears, therefore, that whatever be the form of the 
machine, or the purpose to which it is applied, it is of great 
importance so to regulate the feed of the boiler, that the level of 
the water in it shall neither fall too low nor rise too high. 

Considering then the great importance of keeping the level of 
'the water in the boiler within the limits here defined, it will be 
evident that some expedient ought to be provided by means of 
which the engineman can at all times ascertain what the level of 
the water actually is. 

Different methods, all more or less efficient and ingenious, have 
been invented for accomplishing this object. 

One of the most simple consists in two common cocks, called 
gauge cocks, like those used in a beer barrel, which are inserted 
in the side or end of the boiler, one of which is placed at the 
lowest, and the other at the highest limit of the water level. If 
the engineman, on opening the latter, finds that water issues 
from it, he knows that the level has risen to its highest limit, and 
he suspends the feed. If, on opening the former, he finds the 
steam issue from it, he knows that the water level has fallen too 
low, and he lays on the feed. But so long as water issues from 
the one and steam from the other, he knows that the water level 
is within the required limits. 

This method, though generally adopted, is not exclusively 
depended on, and others are used. 

A weight f (fig. 2), half immersed in the water, is supported by 
a wire, which, passing steam-tight through a small hole in the 
top, is connected by a flexible string or chain, passing over a 
wheel w, with a counterpoise A, just sufficient to balance F when 
half immersed. If f be raised above the water, A being lighter 
will no longer balance it, and F will descend pulling up a, and 



THE STEAM ENGINE. 




turning the wheel w. If p be plunged deeper in the water, A will 
more than balance it, and will pull it up, so that the only position 
in which r and A will balance each 
other is, when P is half immersed. 
The wheel w is so adjusted, that 
when two pins placed on its rim 
are in the horizontal position, the 
water is at its proper level. Con- 
sequently it follows, that if the water 
rise above this level, the weight P 
is lifted and a falls, so that the pins 
come into another position, and if 
it fall lower, r falls and a rises, so 
that the pins assume a different 
position. Thus, in general, the 
position of the pins becomes an 
indication of the quantity of water in the boiler. 

Another method is to place a glass tube (fig. 3), with one end T 
entering the boiler above the proper level, and the other end T> 
entering it below the proper level. It must be evident that the 
water in the tube will always stand at the same level as the water* 
in the boiler, since the lower part has a free communication with 
that water, while the surface is submitted to the pressure of 
the same steam as the water in the boiler. 
This and the last-mentioned gauge have 
the advantage of addressing the eye of the 
engineer at once, without any adjustment ; 
whereas the gauge-cocks must be both 
opened, whenever the depth is to be 
ascertained. 

These gauges, however, require the 
constant attention of the engine-man; 
and it becomes desirable either to find some more effectual 
means of awakening that attention, or to render the supply 
of the boiler independent of any attention. In order to enforce 
the attention of the engineman to replenish the boiler when 
partially exhausted by evaporation, a tube was sometimes 
inserted at the lowest level to which it was intended that the 
water should be permitted to fall. This tube was conducted from 
the boiler into the engine-house, where it terminated in a mouth- 
piece or whistle, so that whenever the water fell below the level 
at which this tube was inserted in the boiler, the steam would 
rush through it, and issuing with great velocity at the mouth- 
piece, would summon the engineer to his duty with a call that 
would rouse him even from sleep. 
6 
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Fig. 4. 



Tn the most effectual of these methods, the task of replenishing 
the boiler must still be executed by the engineer ; and the utmost ^ s 
that the boiler itself was made to do, was to give due notice of 
the necessity for the supply of water. The consequence was, 
among other inconveniences, that the level of the water was 
subject to constant variation. 

10. To remedy this a method has been invented, by which the 
engine is made to feed its own boiler. The pipe g (fig. 4), which 
leads from the hot water pump, terminates in a small cistern c in 
which the water is received. In the bottom of this cistern, a 
valve v is placed, which opens upwards and communicates with a 
feed pipe, which descends into 
the boiler below the level of the 
water in it. The stem of the 
valve v is connected with a lever 
turning on the centre D, and 
loaded with a weight f dipped 
in the water in the boiler in a 
manner similar to that described 
in fig. 2, and balanced by a 
counterpoise A in exactly the 
same way. When the level of 
the water in the boiler falls, 
the float f falls with it, and 
pulling down the arm of the 
lever raises the valve v, and 
lets the water descend into the 
boiler from the cistern a When 

the boiler has thus been replenished, and the level raised to its 
former place, F will again be raised, and the valve v closed by 
the weight a* In practice, however, the valve v adjusts itself by 
means of the effect of the water on the weight f, so as to permit 
the water from the feeding cistern c to flow in a continued stream, 
just sufficient in quantity to supply the consumption from evapo- 
ration, and to maintain the level of the water in the boiler 
constantly the same. 

By this arrangement the boiler is made to replenish itself; or, 
more properly speaking, it is made to receive such a supply, as 
that it never wants replenishing — an effect which no effort of 
attention on the part of an engineman could produce. But 
this is not the only good effect produced by this contrivance. 
A part of the steam which originally left the boiler, having 
discharged its duty in moving the engine, is lodged in the hot 
well c (fig. 4), and is again restored to the source from which it 
came, bringing back to the boiler all the unconsumed portion 

T 
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of its heat preparatory to being once more put in circulation 
through the machine. 

Another method of arranging a self-regulating feeder is shown 
in fig. 5. A is a hollow ball of metal attached to the end of a 
lever, whese fulcrum is at b. The other arm of the lever c is 
connected with the stem of a spindle valve, communicating with a 

Fig. 6. 




tube which receives water from the feeding cistern. Thus, when 
the level of the water in the boiler subsides, the ball a prepon- 
derating over the weight of the opposite arm, the lever falls, the 
arm c rises and opens the valve, and admits the feeding water. 
8 
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This apparatus will evidently act in the same manner and on the 
same principles as that already described. 

11. In different applications of the engine, steam of different 
pressure is required. The pressure of steam is usually expressed 
by stating the number of pounds weight upon each square inch of 
surface which would exactly resist or balance it : All boilers are 
provided with a valve which opens outwards, and which is loaded 
with a certain limited and regulated weight. When the bursting 
pressure with which the steam urges this valve exceeds the weight 
with which it is loaded, the valve yields, is opened, and the steam 
escapes through it, and thus continues to escape until the quantity 
pent up in the boiler is so diminished, that its pressure upon the 
valve no longer exceeds the weight with which the valve is 
loaded.. When this happens, the valve will remain closed, but 
will be ready to yield and to open upon the least increase of the 
pressure of the steam. 

Such a valve is called a "safety valve" for the obvious 
reason that it prevents the pressure of the steam in the boiler 
from ever attaining such a force as would endanger the boiler. 

It sometimes happens that it is necessary to vary from time to 
time the pressure of the steam according to the work to which the 
engine is applied, and consequently to vary the weight upon the 
safety valve. In such cases it is usual to provide two safety 
valves, one of which shall be regulated by the engineer, and the 
other placed out of his power. The latter in that case is loaded 
with the greatest pressure which the boiler can bear without 
danger ; so that even though the engineer should indiscreetly load 
the valve left at his disposition beyond the limit of safety, the 
other valve would yield the moment the steam attained a dangerous 
pressure. 

Safety valves are of numerous forms. They consist usually of 
a circular aperture cut in the boiler, with conical edges inclining 
from within outwards. In this is placed a circular plate or 
stopper of corresponding size, with corresponding conical edges, so 
that it shall exactly fit the aperture ; and when pressed upon it, the 
conical edges shall be in steam-tight contact. This circular plate 
is attached at its centre to an iron rod, which rises perpendicular 
to it. Upon this rod sliding weights are placed so as to press 
down the valve with a greater or less force, according as their 
number is increased or diminished. 

In the general view of a boiler of the form called waggon boiler, 
shown in fig. 7, the safety valve is shown at N. It is provided 
with a handle, by means of which the engineman can raise it 
when necessary. 

12. It is necessary to provide a ready method of indicating at all 
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times the actual pressure of the steam in the boiler. Various 
methods are used for this purpose. In boilers where steam of 
great pressure is used, the pressure is indicated by a spring gauge, 
similar in its principle to those used for steel yards to weigh bodies 
in commerce. The pressure of the steam acts against a valvo 
which is connected with the 'arm of the lever of the steel-yard, 
the other arm being connected with the spring. In this way the 
varying tension of the spring is made to measure the pressure on 
the valve. 

When steam of low pressure is used, an expedient called a mer- 
curial steam gauge is used. A bent tube containing mercury is 
inserted into some part of the apparatus, which has free commu- 
nication with the steam. Let 
abc (fig. 6), be such a tube. The 
pressure of the steam forces the 
mercury down in the leg A B, and 
up in the leg b c. If the mercury 
in both legs be at exactly the 
same level, the pressure of the 
steam must be exactly equal to 
that of the atmosphere ; because 
the steam pressure on the mer- 
cury in a b balances the atmo- 
spheric pressure on the mercury 
in b c. If, however, the level of 
the mercury in b c be above the 
level of the mercury in b a, the 
pressure of the steam will exceed 
that of the atmosphere. The' ex- 
cess of its pressure above that of 
the atmosphere may be found by 
observing the difference of the 
level of the mercury in the tubes 
B o and b A, allowing a pressure 
of one pound on each square 
inch for every two inches in the difference of the levels. 

If, on the contrary, the level of the mercury in B o should fall 
below its level in a b, the atmospheric pressure will exceed that 
of the steam, and the quantity of the excess may be ascertained 
exactly in the same way. 

If the tube be glass, the difference of levels of the mercury would 
be visible ; but it is most commonly made of iron ; and, in order to 
ascertain the level, a thin wooden rod with a float is inserted in the 
open end of b c, so that the portion of the stick within the tube 
indicates the depth of the level of the mercury below its mouth. 
10 
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13. The most important appendage of the boiler is the furnace, 
which consists of a grate, upon which the fuel is maintained in 
combustion, — a system of flues, by which the flame and heated 
gases proceeding from the fuel in combustion are conducted in 
contact with the boiler, so as to impart more or less of their 
heat to the boiler, and, in fine, a chimney by which these gases 
escape into the atmosphere, and which maintains the draft neces- 
sary to give effect to the combustion. 

The explanation of the furnace and its appendages, as well as 
that of the boiler already given, will be rendered much more easily 
intelligible by the aid of the figures 7, 8, 9, and 10, which, though 
they represent a particular form of boiler, indicate those provisions 
and arrangements which are most generally used in boilers of all 
forms. 

The form here represented is called the waggon-boiler, and con- 
sists of a semi-cylindrical top, flat perpendicular sides, flat ends, 
and a slightly concave bottom. The steam intended to be used in 
boilers of this description does not exceed the pressure of the 
external atmosphere by more than from 3 to 5lbs. per square 
inch ; and the flat sides and ends, though unfavourable to strength, 
can be constructed sufficiently strong for this purpose. In a 
boiler, of this sort, the air and smoke passing through the flues 
that are carried round it, are in contact at one side only with the 
boiler. The brickwork, or other materials forming the flue, must 
therefore be non-conductors of heat, that they may not absorb 
any considerable portion of heat from the air passing in contact 
with them. 

A perspective view 'of the boiler and furnace is presented in 
fig. 7. The grate and a part of the flues are rendered visible by 
the removal of a portion of the surrounding masonry in which the 
boiler is set. The interior of the boiler is also shown by cutting 
off one half of the semi-cylindrical roof. A longitudinal vertical 
section is shown in fig. 8, and a cross section in ^g, 9. A 
horizontal section taken above the level of the grate, and below 
the level of the water in the boiler, shewing the course of the 
flues, is given in fig. 10. The corresponding parts in all the figures 
are marked by the same letters. 

14. The door by which fuel is introduced upon the grate is repre- 
sented at a, and the door leading to the ash-pit at b. The fire 
bars at c slope downwards from the front at an angle of about 25°, 
giving a tendency to the fuel to move from the front towards the 
back of the grate. The ash-pit d is constructed of such a magni- 
tude, form, and depth, as to admit a current of atmospherio air to 
the grate-bars, sufficient to sustain the combustion* 'Eaa ^ssra^ 
of the ash-pit is usually wide below, oouU^^Vx^Xft^^^^^ 5 ^* 
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The fuel, when introduced at the fire-door a, should be laid on 
that part of the grate nearest to the fire-door, called the dead 
plates : there it is submitted to the process of coking, by which 
the gases and volatile matter which it contains are expelled, and 




being carried by a current of air admitted through small apertures 
in the fire-door over the burning fuel in the hinder part of tho 
grate, they are burnt. When the fuel in front of the grate has 
been thus coked, it is pushed back, and a fresh feed introduced in 
front. The coal thus pushed back soon becomes vividly ignited, 
and by continuing this process, the fuel spread over the grate is 
maintained in the most active state of combustion at the hinder 
part of the grate. By such an arrangement, the smoke produced 
by the combustion of the fuel may be burnt before it onter3 the 
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flues. The flame and heated air proceeding from the burning fuel 
arising from the grate, and rushing towards the back of the fur- 
nace, passes over the fire-bridge e, and is carried through the 
flue f which passes under the boiler. This flue (the cross section 
of which is shown in fig. 9, by the dark shade put under the 
boiler), is very nearly equal in width to the bottom of the boiler, 
the space at the bottom of the boiler, near the corners, being only 
what is sufficient to give the weight of the boiler support on the 




masonry forming the sides of the flue. The bottom of the boiler 
being concave, the flame and heated air as they pass along the 
flue rise to the upper part by the effects of their high temperature, 
and lick the bottom of the boiler from the fire-bridge at e to the 
further end o. 

At g the flue rises to H, and turning to the side of the boiler at 
1 1, conducts the flame in contact with the side from the back to 
the front ; it then passes through the flue K across the front, and 
returns to the back by the other side flua ^» Tfca «&» ^co»N^ 
represented, stripped of the masonry \ \n fc%. 1 > «&> ^»* «^^^»> 
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the plan in fig. 10, and in the cross section in fig. 9. The course 
of the air is represented in fig. 10 by the arrows. From the flue L 
the air is conducted into the chimney at M. - 

By such an arrangement, the flame and heated air proceeding 
from the grate are made to circulate round the boiler, and the 
length and magnitude of the flues through which they are con- 
ducted should be such, that when they arrive at the chimney their 
temperature shall be reduced, as nearly as is consistent with the 
maintenance of draught in the chimney, to the temperature of 
the water. 

15. The method of feeding the furnace, which has been described 
above, is one which> if conducted with skill and care, would pro- 
Fig. 9. 




duce a much more perfect combustion of the fuel than would 
attend the common method of filling the grate from the back to 
the front with fresh fuel, whenever the furnace is fed. This 
method, however, is rarely observed in the management of the 
furnace. It requires the constant attention of the stokers (such is 
the name given to those who feed the furnaces)* The fuel must 
U 
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bo supplied, not in large quantities, and at distant intervals, but 
in small quantities and more frequently. On the other hand, the 
more common practice is to allow the fuel on the grate to be in a 
great degree burned away, and then to heap on a large quantity 
of fresh fuel, covering over with it the burning fuel from the 
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back to the front of the grate. When this is done, the heat of the 
ignited coal acting upon the fresh fuel introduced, expels the gases 
combined with it, and, mixed with these, a quantity of carbon, in 
a state of minute division, forming an opaque black smoke. This 
is carried through the flues and drawn up the chimney. The 
consequence is, that not only a quantity of solid fuel is sent out 
of the chimney unconsumed, but the hydrogen and other gases 
also escape unburned, and a proportional waste of the combustible 
is produced ; besides which, the nuisance of an atmosphere filled 
with smoke ensues. Such effects are visible to all who observe 
the chimneys of steam vessels, while the engine is in operation. 
When the furnaces are thus filled with fresh fuel, a large volume 
of dense black smoke is observed to issue from the chimney. This 
gradually subsides as the fuel on the grate is ignited, and does 
not reappear until a fresh feed is introduced. 

16. The former method of feeding, by which the furnace would 
be made to consume its own smoke, and the combustion of the fuel 
be rendered complete, is not however free from counteracting 
effects. In ordinary furnaces the feed can only be introduced by 
opening the fire-doors, and during the time the fire-doors are 
opened a volume of cold air rushes in, which passing through the 
furnace is carried through the flues to the chimney. Such is the 
effect of this in lowering the temperature of the flsuw^^ksfc/xa. 
many cases the loss of heat occasioned i& ^restast ^&»c&>«B3 wsbsbk* 
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of foel obtained by the complete consumption of smoke, Yaiions 
methods, however, may be adopted by which fuel may he supplied 
to the grate without opening the fire-doore, and without disturbing 
tho supply of air to the fire. A hopper built, into the front of the 
furnace, with a moveable bottom or valve, by which coals may be 
allowed to drop in from time to time upon the front of the grate, 
would accomplish this. 

In order to secure the combustion of the gases evolved from the 
coals placed in the front of the grate, it is necessary that a sn 
of atmospheric air should be admitted with them over the burning 
fuel. This is effected by small apertures or regulators , provid 
ia the fire-doors, governed by sliding plates, by which they may 
[iened or closed to any required extent. 
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to the latter and countervailing advantages. — 36. Condensing 
engines. — 37. Condensing apparatus. — 38. Air-pump. — 39. Cold water 
pump. — 40. Hot water pump. 

17. "Whateyeb be the form of boiler used, its magnitude and 
proportions, as well as those of the furnaces and their appendages, 
must be determined by the rate at which the steam is required to* 
be produced, and in some degree also by the quality of the fuel. 

The principle upon which a chimney more or less lofty produces 
a draft through the fuel in a fire-place in connection with it, has- 
been already explained in our Tract on " Fire." The chimney 
connected with the furnace of a steam-boiler acts on the same 
principle, and its dimensions and height must necessarily be pro- 
portionate to those of the furnace, and to the quantity of fuel to- 
be consumed in a given lime. 

But since the evaporation produced in the boiler requires to be 
varied with the varying work exacted from the engine ; and since 
this evaporation will necessarily be proportionate to the rate at 
which the fuel is consumed in the furnace, it follows that the rate 
of combustion in the furnace should be varied with the varying* 
power to be exacted from the engine. In order, therefore, to- 
maintain this proportion between the force of the furnace and the 
demands upon the engine, it is necessary to stimulate or mitigate 
the furnace, as the evaporation is to be augmented or diminished. 

The activity of the furnace must depend on the current of air 
which is drawn through the grate bars, and this will depend on 
the magnitude of the space afforded for the passage of that current 
through the flues. A plate called a damper is accordingly placed 
with its plane at right angles to the flue, so that by raising and 
lowering it in the same manner as the sash of a window is raised 
or lowered, the space allowed for the passage of air through the 
flue may be regulated. This plate might be regulated by the 
hand, so that by raising or lowering it the draught might be 
increased or diminished, and a corresponding effect produced on 
the evaporation in the boiler : but the force of the fire is rendered 
uniformly proportional to the rate of evaporation by the following* 
arrangement, without the intervention of the engineer. The 
column of water sustained in the feed pipe (figs. 7, 8), represent* 
by its weight the difference between the pressure of steam within 
the boiler and that of the atmosphere. If the engine consumes 
steam faster than the boiler produces it, the steam contained in 
the boiler acquires a diminished pressure, and consequently the 
column of water in the feed pipe will fall. If, on the other hand, 
the boiler produce steam faster than the engine consumes it, the 
accumulation of steam in the boiler will cause an increased 
pressure on the water it contains, and thereby increase the height 
18 
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of the column of water sustained in the feed pipe. This column, 
therefore, necessarily rises and falls with every variation in the 
rate of evaporation in the boiler. A hollow float f is placed upon 
the surface of the water of this column ; a chain connected with 
this float is carried upwards, and passed over two pulleys, after 
which it is carried downwards through an aperture leading to the 
flue which passes beside the boiler : to this chain is attached the 
damper. By such an arrangement it is evident that the damper will 
rise when the float p falls, and will fall when the float f rises, since 
the weight of the damper is so adjusted, that it will only balance 
the float f when the latter rests on the surface of the water. 

Whenever the evaporation of the boiler is insufficient, it is 
evident from what has been stated, that the float f will fall and 
the damper will rise, and will afford a greater passage for air 
through the flue. This will stimulate the furnace, will augment 
its heating power, and will therefore increase the rate of evapo- 
ration in the boiler. If, on the other hand, the production of 
steam in the boiler be more than is requisite for the supply of the 
engine, the float will be raised and the damper let down, so as to 
contract the flue, to diminish the draught, to mitigate the fire, 
and therefore to check the evaporation. In this way the excess, 
or defect, of evaporation in the boiler is made to act upon the fire, 
so as to render the heat proceeding from the combustion as nearly 
as possible proportional to the wants of the engine. 

18. Having thus explained generally the principal expedients 
by which the efficiency of the boiler and furnace of a steam-engine 
is maintained, it will be only necessary to add, that although 
these expedients, in the forms in which they are represented in 
the diagrams, will not be found in every steam boiler, yet equi- 
valents to them in other forms or positions are almost universal. 
In certain cases the self-regulating apparatus of the boiler and 
furnace are excluded by want of the necessary height, and then 
the proper regulation of the machine must depend on the skill and 
vigilance of those who are in charge of it. 

Supposing, then, that by these or other similar or equivalent 
provisions a supply of steam in the necessary quantity and of the 
requisite pressure is obtained, it remains to show how the steam is 
made to produce the desired mechanical effect. 

The method universally adopted to render the power of steam 
available for mechanical purposes is that of a solid piston moving 
freely in a hollow cylinder in steam-tight contact with its sides. 
The steam is admitted alternately at one end and at the other, of 
the cylinder. When it is let in at either end, it is permitted to 
escape by the other, so that the piston is blown by tha %taasx 
alternately from end to end of the o^fMst. T^ «&&* **L ^^ 
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cylinder are closed by steam -tistit wths, te prop** openings 
are provided for the alternate adg.isiaoc, isd «cao* of the steam 

19. The cylinder is made of oast iron, cf jc*ysi*e thickness and 
strength. It is bored with the ri«st TKciswa, so that its inner 
surface is truly cylindrical and of uniform ciuucex from end to end. 
The piston is also made of iron, audits eocSact with the cylinder is 
rendered steam-tight, either by a packing of hentp and soft rope, 
called gasket, which fills a circular groove or channel surrounding 
the piston, or by constructing the external rim ; f the piston of several 
metallic segments, which are urged against tie side of the cylinder 
by springs which act upon them from the centre of the piston* 

A section of a packed piston is given in fig. 11. The hollow 

groove containing the 
packing is represented 
it the sides next the 
cylinder, and the top 
:> attached to the piston 
by screws, by turning 
which the parking is 
compressed so as to be 
forced outwards against 
the sides of the cylinder 
until it is in steam-tight contact with them. 

20. Pistons which maintain steam-tight contact with the 
cylinder without packing, and which are called metallic pistons, 

Fig. 12. _x-— ^__^- —r- are °^ ve, y various 

construction, though 
all of essentially the 
same principle. One of 
these is represented in 
section in fig. 12, and 
in plan in fig. 13, p, 
21. A deep groove, 
square in its section, is 
formed around the pis- 
ton, so that while the top and bottom form circles equal in 
magnitude to that of the cylinder, the intermediate part of the 
body forms a circle less than the former by the depth of the 
groove. Let a ring of brass, cast iron, or cast steel, be made to 
correspond in magnitude and form with this groove, and let it be 
divided, as represented in fig. 13, into four segments c c c c, and 
Irar corresponding angular pieces, d d d d. Let the groove which 
surrounds the piston be filled by the four segments with the four 
wedge-like angular pieces within them, and let the latter be 
urged against the former by eight spiral springs, as represented 
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in fig. 12 and fig. 13. These springs will abut against the solid 
centre of the piston, and will urge the segments c against the 
cylinder. The spiral springs which urge the wedges are confined 
in their action by steel pins which pass through their centre, and 
by being confined in cylindrical cavities worked into the wedges 
and into corresponding parts of the solid centre of the piston, as 
the segments c wear, the springs urge the wedges outwards, and 
the points of the latter protruding, are gradually worn down so as 
to fill up the spaces left between the segments, and thus to com- 
plete the outer surface of the piston. 

21. The force with ^ ^ 
which the piston is 
moved from end to end 
of the cylinder is esti- 
mated by the pressure 
of the steam which acts 
upon it, diminished by 
the reaction of the steam 
escaping from the side 
towards which itmoves, 
and the resistance pro- 
duced by its friction 
against the sides of the 
cylinder. 

22. The mechanical 
force with which" the 
piston is thus moved 

would be practically useless unless an expedient were provided by 
which it could be transmitted to some convenient point outside 
the cylinder, and since it is essential that the steam which impels 
the piston shall be confined within the cylinder, and that no air 
be allowed to enter, so as to react on the other side of the piston 
by its pressure, it is also essential that whatever be the means of 
transmitting the force of the piston to the outside of the cylinder, 
it shall be accomplished without leaving any interstitial space 
through which steam can escape or air enter. , 

23. This, object is perfectly attained by a very simple con- 
trivance. A hole is made through the centre of the piston, 
in which a truly formed cylindrical iron rod, called the piston- 
rod, is inserted and firmly fixed by a key or linch-pin. This 
piston-rod passes through a hole made in the iron cover of the 
cylinder, as shown in fig. 14. The piston-rod is kept in steam- 
tight contact with the edges of the hole by a contrivance called 
a stuffing box % * f represented in fig. 14. Thft tata TBakfeVs^'fc^ 
cover of the cylinder is very little greater V^ tb^^s^J^s 5 ^ 
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the diameter of the piston rod. Above this hole is a cup, in 
which, around the piston, is placed a stuffing of hemp or tow, 
which is saturated with oil or melted tallow. This collar of 
p. 14 hemp is pressed down by another 

1 piece, also perforated with a hole 

through which the piston rod 
plays, and which is screwed down 
on the said collar of hemp. 

The piston-rod, by this con- 
trivance, being moved with tho 
same alternate motion, and the 
same force as the piston itself, 
can be made to impart that force 
to any suitable piece of mecha- 
nism outside the cylinder, with 
which it may be put in connection. 

'24. Since the ends of the cylinder are closed by metallic covers, 
in the manner explained above, the openings for the exit and 
entrance of the steam at the ends, are placed, not in the covers, 
but in the sides, at points in immediate contiguity with the 
covers. These openings are governed by contrivances of various 
forms, and variously denominated cocks, valves, and slides. 

25. Let two openings be imagined to be provided at each end 
of the cylinder, one leading from the boiler, and the other for the 
escape of the steam. Let stop-cocks, or valves, or sliding 
shutters, be adapted to these openings, so that they can be closed 
or opened by acting upon the handles of the cock valve or slide, 
and let these handles be supposed to be put in such connection 
with the piston-rod that when the piston arrives at either end of 
the cylinder the handles are driven by the rod, so as to open the 
passage which admits steam to the end of the cylinder at which 
the piston has arrived, and to close the passage which is provided 
for its escape, and, on the contrary, to open the passage for the 
escape of the steam from the other end of the cylinder, and to 
close the passage for its admission from the boiler. By this 
means the piston, being acted upon by the steam at the end at 
which it has arrived, and, being relieved from the action of the 
steam on the other side of it, will be driven to the other end of the 
cylinder where the piston-rod will again act upon the handles of 
the cocks, valves, or slides, so as to reverse the flow of the steam, 
allowing that which has just impelled the piston to escape, and 
introducing steam from the boiler to the end of the cylinder 
at which the piston has just arrived. In this way the piston will 
be driven back to the other end of the cylinder, and so on alter- 
nately from end to end. 
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26. We are accustomed to consider the cylinder in a vertical 
position, to call the covers of its ends the top and bottom, and to 
speak of the up stroke and the down stroke of the piston. Such is 
very often the position of the apparatus, but it is not necessarily nor 
always so. The cylinder is often-horizontal. It is almost always 
so, for example, in locomotive engines, and often so in steamboat 
engines. It is sometimes placed in an inclined position, and is some- 
times moveable, changing its position with the motion of the piston. 

The motion of the piston from end to end of the cylinder is 
called its stroke, and the dimensions are usually expressed by 
stating the diameter of the piston and the length of the stroke. 

27. The effective pressure of steam per square inch on the 
piston is found by deducting from the actual pressure the reaction 
of the steam escaping, and the friction. This effective pressure 
being multiplied by the number of square inches in the piston, 
which is known by its diameter, gives the total effective force of 
the piston, and this force, multiplied by the number of feet 

. through which the piston moves per minute, which is known by 
the length of the stroke, and observing the number of strokes per 
minute, will give the actual mechanical force produced per minute 
by the steam acting on the piston. 

28. From what has been explained it will be apparent that 
much of the efficiency of the machine must depend upon the pre- 
cision and regularity with which the steam is alternately admitted 
to and withdrawn from either end of the cylinder. If it be 
admitted or withdrawn too soon or too late, it will either obstruct 
the force of the piston, or delay its return to the other end of the 
cylinder. For these reasons, and also because there is much 
beauty and ingenuity in the contrivances Fig . 15 
by which the steam is admitted and with- B 
drawn, we shall here explain a few of the 
expedients by which that object is attained. 

29. In the arrangement represented in 
fig. 15, the object is attained by four conical 
valves, two placed at each end of the cylin-r 
der. Let b and b' be two steam boxes, b the 
upper, and b' the lower, communicating 
respectively with the top and bottom of the 
cylinder by proper passages D d'. Let two 
valves be placed in B, one, s, above the S J 
passage r>, and the other, c, below it ; and J 
in like manner two other valves in the i 
lower valve box B', one, 8', above the passage I. 
3), and the other C, below it. Above the 
valve s in the upper steam box is an OT&enx&fc *V ^\&2^«0a& tJ® 2 ^ 



^ 



r 



THE STEAM ENGINE. 



pipe from the boiler enters, and below the valve c is another opening, 
at which enters the exhausting pipe. In like manner, above the 
valve s* in the lower steam box enters a steam pipe 1— ding from 
the boiler, and below the valve cf enters an exhausting pipe. It 
is evident, therefore, that steam can always be admitted above the 
piston by opening the valve s, and below it by opening the valve 
a* ; and, in like manner, steam can be withdrawn from the cylinder 
above the piston, by opening the valve c, and from below it by 
opening the valve C. - 

Supposing the piston p to be at the top of the cylinder, and the 
cylinder below the piston to be filled with pure steam, let the 
valves 8 and & be opened, the valves c and s* being dosed, as 
represented in fig. 15. Steam from the boiler will, therefore, flow 
in through the open valve 8, and will press the piston downwards, 
while the steam that has filled the cylinder below the piston will 
pass through the open valve (f into the exhausting pipe. The 
piston will, therefore, be pressed downwards by the action of the 
steam above it. Having arrived at the bottom of the cylinder, 
let the valves 8 and c' be both closed, and 
the valves s' and c be opened, as represented 
in fig. 16. Steam will now be admitted 
through the open valve s' and through the 
passage d' below the piston, while the steam 
which has just driven the piston down- 
wards, filling the cylinder above the piston, 
will be drawn off through the open valve c, 
and the exhausting pipe, leaving in the 
cylinder above the piston a vacuum. The 
piston will, therefore, be pressed upwards 
by the action of the steam below it, and will 
ascend with the same force as that with 
which it had descended. 

The alternate action of the piston up- 
wards and downwards may evidently be 
continued by opening and closing the valves alternately in 
pairs. Whenever the piston is at the top of the cylinder, as 
represented in fig. 15, the valves s and c', that is, the upper 
steam valve and the lower exhausting valve are opened ; and the 
valves c and s 7 , that is, the upper exhausting valve and the lower 
steam valve, are closed ; and when the piston has arrived at the 
bottom of the cylinder, as represented in fig. 16, the valves c and 8% 
that is, the upper exhausting valve and the lower steam valve, 
are opened, and the valves s and C, that is, the upper steam valve 
and the lower exhausting valve, are closed. 
If these valves, as has been here supposed, be opened and closed 
24 
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at the moments at which the piston reaches the top and bottom 
of the cylinder, it is evident that they may be all worked by a 
single lever connected with them by proper mechanism. When 
the piston arrives at the £op of the cylinder, this lever would be 
made to open the valves s and c', and at the same time to close 
the valves s' and c ; and when it arrives at the bottom of the 
cylinder, it would be made to close the valves s and c', and to 
open the valves s' and c. 

30. The methods of opening and closing the passages by means 
of lids slipping over them called slides, are those most generally 
used, and have infinitely various forms, although they differ one 
from another but little in the principle of their action. One of 
these expedients shown in fig. 17 — 18, will render the mode of 

their action easily under- 
stood. A B is a steam-tight 

case attached to the side of 

the cylinder ; E p is a rod, 

which receives an alternate 

motion, upwards and down- 
wards, from the eccentric, 

or from whatever other part 

of the engine is intended 

to move the slide. This 

rod, passing through a 

stuffing box, moves the 

slide g upwards and down- 
wards, s is the mouth of 

the steam pipe coming from 

the boiler ; t is the mouth 

of a tube or pipe leading 

to the condenser; H is a 

passage leading to the top, 

and I to the bottom, of the 

cylinder. In the position 
of the slide represented in fig. 17, the steam coining from the boiler' 
through s passes through the space H to the top of the cylinder, 
while the steam from the bottom of the cylinder passes through the 
space I into the tube T, and goes to the condenser. When the rod 
£ f is raised to the position represented in fig. 18, then the passage 
H is thrown into communication with the tube T, while the passage I 
is made to communicate with the tube s. Steam, therefore, passes 
from the boiler through I below the piston, while the steam which 
was above the piston, passing through H into T, goes to the con- 
denser. Thus the single slide G performs the offi&fe *& Ska Vwa. 
valves described in § 29, 
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31. Another form of slides is shown in fig. 19. The steam 
pipe proceeding from the boiler to the cylinder is represented at 

A A, and it com- 
municates with 
passages s and 8' 
leading to the 
top . and bottom 
of the cylinder. 
These passages 
are formed in 
nozzles of iron or 
other hard metal 
cast upon the side 
of the cylinder. 
These nozzles 
present a smooth 
face outwards, 
upon which the 
slides B B', also 
formed with 
smooth faces, 

•play. The slides b b' are attached by knuckle-joints to rods 
E e', which move through stuffing-boxes, and the connection of 
these rods with the slides is such that the slides have play so as to 
detach their surfaces easily from the smooth surfaces of the nozzles 
when not pressed against these surfaces. The steam in the steam 
pipe A A will press against the backs of the slides B b', and keep their 
faces in steam-tight contact with the smooth surfaces of the nozzles. 
These slides may be opened or closed by proper mechanism at any 
point of the stroke. When steam is to be admitted to the top of 
the cylinder, the upper slide is raised and the passage s opened ; 
and when it is to be admitted to the bottom of the cylinder, the 
lower slide is raised and the passage s' opened : and its communi- 
cation with the top or bottom of the cylinder is stopped by the 
lowering of these slides respectively. On the other side of the 
cylinder are provided two passages c c' leading to a pipe g, which 
is continued to the condenser. On this pipe are cast nozzles of 
iron or other metal presenting smooth faces towards the cylinder, 
and having passages d d' communicating between the top and 
bottom of the cylinder respectively and the pipe g g leading to 
the condenser. Two slides b b', having smooth faces turned from 
the cylinder, and pressing upon the faces of the nozzles d d', are 
governed by rods playing through stuffing-boxes, in the same 
manner as already described. The faces of these slides being 
turned from the cylinder, the steam in the cylinder having free 
26 
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communication with them, has a tendency to keep them by its 
pressure in steam-tight contact with the surfaces in which the 
apertures leading to the condenser are formed. These two slides 
may be opened or closed whenever it is necessary. 

When the piston commences its descent, the upper steam slide 
is raised, so as to open the passage s, and admit steam above the 
piston ; and the lower exhausting slide h' is also raised, so as to 
allow the steam below the piston to escape through g, the other 
two passages s* and c being closed by their respective slides. The 
slide which governs s is lowered at that part of the stroke at which 
the steam is intended to be cut off, the other slides remaining 
unchanged ; and when the piston has reached the bottom of the 
cylinder, the lower steam slide opens the passage s', and the upper 
exhausting slide opens the passage c, and at the same time the 
lower exhausting slide closes the passage C Steam being admitted 
below the piston through s', and at the same time the steam above 
it being drawn away through the open passage c and the tube g, 
the piston ascends. When it has reached that point at which the 
steam is intended to be' cut off, the slide which governs s' is 
lowered, the other slides remaining unaltered, and the upward 
stroke is completed in the same manner as the downward. 

These four slides may be governed by a single lever, or they 
may be moved by separate means. From the small spaces between 
the several slides and the body of the cylinder, it will be evident 
that the waste of steam by this contrivance will be very small. 
32. The admission and escape of the steam is sometimes 
Fig. 20. governed by cocks, more espe- 
cially in engines constructed on a 
small scale. The most common 
form for cocks is that of a cylin- 
drical or slightly conical plug 
(fig. 20), inserted in an aperture 
of corresponding magnitude pass- 
ing across the pipe or passage 
which the cock is intended to open 
or close. One or more holes are 
pierced transversely in the cock, and when the cock is turned, so 
that these holes run in the direction of the tube, the passage 
.through the tube is opened ; but when the passage through the 
•cock is placed at right angles to the tube, then the sides of the 
tube stop the ends of the passage in the cock, and the passage 
through the tube is obstructed. The simple cock is designed to 
open or close the passage through a single tube. When the cock 
is turned, as in fig. 21, so that the passage through th& tsa^.^^ 
be at right angles to the length o£ \ha V&*,^E*fe <&& ^^^ 
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through the tube is stopped ; but when the cock is turned from 
that position through a quarter of a revolution, as in fig. 22, then 
the passage through the cock takes the direction of the passage 

Fig 22. 







through the tube, and the cook is opened, and the passage through 
the tube unobstructed. In such a cock the passage may be more* 
or less throttled by adjusting the position of the cock, so that a 
part of the opening in it shall be covered by the side of the tube. 
33. It is sometimes required to put one tube or passage alter- 
nately in communication with two others. This is accomplished 
by a two-way cock. In this cock the passage is curved, opening 
usually at points on the surface of the cock, at right angles to each 
other. When it is required to put four passages alternately in com- 
munication by pairs, a four-way cock is used. Such a cook has. 
two curved passages (tig. 23), eich similar to the curved passage 
in the two-way cock. Let scBibe 
the four tubes which it is required to 
throw alternately into communication, 
by pairs. When the cock is in, the 
position (tig. 23), the tube s communi- 
cates with T, and the tube c with B. 
By turning the cock through a quarter 
of a revolution, as in fig. 24, the tube 8 
is made to communicate with B, and 
the tube c with t; and if the cock 
continue to be turned at intervals 
through a quarter of a revolution, these changes of communication 
will continue to be alternately made. It is evident that this may be 
accomplished by turning the cock continually in the same direction. 
The four- way cock is sometimes used as a substitute for the 
valves or slides to conduct the steam to and from the cylinder* 
If s represent a pipe conducting steam from the boiler! c the 
exhausting pipe, t the tube which leads to the top of the 
cylinder, and B that which leads to the bottom, then when the 
cock is in the position (fig. 23), steam would flow from the boiler 
to the top of the piston, while the steam below it would be drawn 
off: and in the position (fig. 24), steam would flow from the boiler 
to the bottom of the piston, while the steam above it would be 
2a 
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drawn off. Thus by turning the cock through a quarter of a 
revolution towards the termination of each stroke, the operation 
of the machine would be continued. 

34. It will be understood from all that has been stated that the 
mechanical effect of the steam engine 
depends, other things being given, 
upon the excess of the pressure of the 
steam which impels the piston above 
the reaction of the steam which escapes 

at the end of the cylinder towards » ^^ k^ c 

which the piston is moving. To what- 
ever extent, therefore, this reaction is 
diminished, the efficacy of the engine ■ 

will be increased. ■ 1 

Steam engines are resolved into two « 

distinct classes, according to the way in which the steam escaping 
from the cylinder is disposed of, called non-condensing and con- 
densing engines, or, more commonly, though less properly, high 
pressure and low pressure engines. The objection to the latter 
denomination being that, although non-condensing engines must 
necessarily be worked with high pressure steam, condensing en- 
gines need not be worked with low pressure steam, as will presently 
appear. 

In the class of non-condensing or high pressure engines, the 
exhaustion pipes of the cylinder open into the atmosphere ; in the 
condensing or low pressure engines, they lead to an apparatus in 
which the steam is condensed, the name given to the process of 
reconverting it into water by exposure to cold. 

35. In non-condensing engines the exhausting pipe communicat- 
ing with the external air, this air will, when the exhausting valve 
is open, have a tendency to rush into the cylinder, while the steam 
has, on the contrary, a tendency to rush out. If, in this case, the 
pressure of the steam were not greater than that of the atmosphere, 
its escape would be prevented by the counter pressure of the air, 
and as the pressure of the steam is the measure of its reaction 
against the piston, it follows that in this class of steam engine, 
the reaction on the piston must always be somewhat greater than 
the atmospheric pressure, which, as has been shown in vol. ii., p. 4, 
amounts on an average to 15lbs. per square inch. 

Since, then, the piston of a non-condensing engine is subject, 
necessarily and constantly, to a reaction exceeding 151bs. per 
square inch, the pressure of the steam by which it is impelled 
must greatly exceed 15lbs. per square inch. Thus a pressure of 
301bs. per square inch would give an effective pressure torsS&Akr* 
than lfilbs. per square inch, because, taaita* \k» Taari&Ma^ ^» 
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steam, the impelling power is resisted by friction. A pressure- of 
45lbs. per square inch would give an effective force amounting to* 
less than 301bs. per square inch, and so on. 

Notwithstanding the disadvantage of this reaction on the piston, 
and the consequent necessity of providing a boiler suitable to the 
production of steam of this high pressure, non-condensing engines 
are attended with several countervailing advantages which render 
them not only preferable in certain cases to condensing engines, 
but which render them efficient where the adoption of condensing 
engines would be altogether impracticable. 

36. In condensing engines, the exhausting pipes which proceed 
from the ends of the cylinder lead to a reservoir or vessel called a 
condenser, in which the steam, being exposed to cold, is reduced 
to water. Now, since a cubic foot of steam will, when re-converted 
into liquid, form only about a cubic inch of water, it is plain that 
by this process of condensation, efficiently conducted, the steam 
escaping from the cylinder may be considered as passing into a 
vacuum, and therefore not only is it not subject to the resistance 
of the atmosphere, but to no resistance whatever, except what may 
arise from the contracted dimensions of the exhausting pipe. The 
conversion of the steam into water being, moreover, almost instan- 
taneous, the reaction attending its escape, small as it is, is only 
momentary, and affects the piston only at the commencement of 
the stroke, throughout the remainder of which it will be subject 
to no reaction whatever. 

Thus it appears, that, in condensing engines the pressure of the 
steam which impels the piston instead of being subject, as in non- 
condensing engines, to a reaction exceeding 15 lbs. per square 
inch, is subject to scarcely any reaction at all ; and consequently 
its pressure, to be effective, need not exceed a few noonday say 
from 4 lbs. to 6. lbs. per square inch. It is for this reason that 
condensing engines have been commonly called low-pressure 
engines. 

But although low-pressure steam may be used in this class of 
engines, and in most cases is used, it is not thus used exclusively 
or necessarily. Steam of any pressure, however high, may be 
worked in them, and the condensing apparatus will still render 
equal service. In certain applications of the engine, steam having 
a pressure several times greater than that of the atmosphere is 
worked with great advantage in engines constructed on this 
principle. 

37. Since the condensing apparatus discharges such l m pnir l * 1 1 ^ 
functions, it will be useful to show its structure and arrangement, 
in connection with the piston and cylinder. 

A section of such an apparatus is shown in fig. 25. A < 
30 
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C C, is filled with cold water. Immersed in it is a metal vessel,. 
B, called the condenser. A pipe, s s, connects this condenser 
with the exhausting pipe of the cylinder, of which s s may be- 




considered as the continuation. A jet-pipe, e, enters the con- 
denser, and is bent upwards. It is terminated with a piece pierced 
with holes like the rose of a watering-pot, and the cold water of the 
cistern, c c, being pressed in through the pipe, e, is thrown up in 
the condenser, as shown in the figure. The steam, escaping from 
the cylinder along the pipe, s s, encounters this cold jet and is 
instantly condensed. Mixing with the cold water of the jet, it 
forms warm water, which collects in the bottom of the condenser. 

If means were not provided for the removal of this water, the 
vessel B would soon become choked with it, so as to arrest the 
action of the apparatus. 

38. But there is also another effect, which it is important to 
explain. Water as it commonly exists always contains more or 
less air fixed in or mingled with it. The air thus fixed in the 
water of the cistern, c c, is disengaged in greater or less quantity 
by the heat to which it is exposed when the steam is mixed with 
it in the vessel B. This air, rising through the tube, s s, offers 
more or less resistance to the escape of the steam, and reacts upon 
the piston to the detriment of the moving power. Its aocumula- 
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tion, if not removed, would soon obstruct and altogether arrest 
the action of the machine. 

This air, as well as the warm water deposited in the bottom of 
tho condenser, is withdrawn by a pump, a, called the air-pump, 
because 6f its use in the removal of the air just mentioned. In 
the piston of this pump are valves which open upwards, so that 
when the piston descends the water and air force themselves 
through the valves, and when it ascends it lifts the water and air 
which have thus passed through the valves, and throws them into 
a small reservoir, D, through a valve, k. This reservoir, D, is 
called the hot cistern, the water deposited in it having a tempera- 
ture more or less elevated, owing to the steam which has been 
condensed by it. 

The ascent of the piston of the air-pump has also the effect of 
drawing by suction, as it is commonly called, the water and air 
from the condenser, b, through the valve M into the bottom of the 
barrel of the air-pump, from which they cannot get back into the 
condenser, inasmuch as the valve, m, opens towards the air-pump, 
and their returning pressure only closes it more firmly. 

39. The continual affluence of the steam to the vessel B, and the 
water constantly passing through it, the air-pump, and the 
cistern, d, would at length raise the temperature of the water in 
the cistern, c c, in which the condensing apparatus is immersed, 
to such a point that the jet projected into the condenser would be 
no longer cold enough to condense the steam. 

To prevent this a pump, called the cold-water pump, is pro- 
vided, which throws into the cistern a sufficient quantity of cold 
water. This water is introduced near the bottom of the cistern, a 
waste-pipe being provided at the top by which the warm water, 
which always collects near the upper surface, flows off. In this 
way the temperature of the water in the cistern, c c, is kept 
sufficiently low, notwithstanding the heat proceeding from the 
condensing vessels. 

40. To prevent the accumulation of warm water in the cistern, 
D, a pump called the hot- water pump is connected with it, by 
which the water is drawn off from it and transferred to the feeding 
apparatus of the boiler. Thus a part of the heat given out by the 
condensed steam, and which has already done duty in working 
the piston, is returned to the boiler to take, another round of duty. 

Thus it appears that the condensing apparatus consists of the 
cold cistern, c c, the cold-water pump which supplies it, the con- 
denser, b, the air-pump, a, the hot cistern, d, and the hot-water 
pump, which draws the water from it. 
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41, That the advantages arising from the diminished reaction, 
on the piston, produced by the condensation, of the steam r are not 
altogether to be placed to the account of increased moving power > 
will be apparent when it is observed that no inconsiderable part 
of the power thus gained is absorbed by the cold-water pujnp, the 
air pump, and the hot- water pump, all of which are woxksA, Vi 
the engine. Neither is the vacuum into Vhi<fti ft» ^sk^vs^*^ 
IiAHnFKtt's Museum or Science. 
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bo absolute as it might at first appear to be. It is not found 
practicable to keep the water in the condenser at a temperature 
lower than 100°, and at that temperature steam is evolved which 
has a pressure of about one pound per square inch, which, after 
all, wOl still react upon the piston. 

In comparing, then, the non-condensing and condensing engine, 
it is apparent, that while the latter gives a much greater amount of 
moving power with the same rate of evaporation, and consequently 
with title same consumption of fuel, the former is vastly more 
simple in its mechanism, lighter in its weight, more inexpensive 
in its construction and maintenance, and much more portable. 

42. From what has been explained, it will be understood how 
the piston-rod is made to move with any desired force alternately 
in one direction or other, through a space equal to the stroke of the 
piston, or, what is the same, to the length of the cylinder. 

The manner in which this force is transmitted to the object to 
which the engine is applied, is extremely various. In some cases 
the end of the piston-rod is connected with that of a vibrating 
beam, to which a motion of oscillation is imparted like that of the 
handle of a pump. In other cases it is put in connection with a 
winch or crank, by which a motion of revolution is imparted to an 
axle or shaft, in the same manner as a man working at a windlass 
causes a rope to wind upon its axle. In other cases it is connected 
with a wheel, to which it imparts rotation, as in some forms of 
the locomotive engine. In short, the expedients by which Hie 
alternate force of the piston is applied to the particular work to 
be performed by the engine are so numerous, and differ so much 
one from another, that it would be quite impossible to give any 
general account which would include them. 

43. To convey, however, some idea of one of the most common 
methods of transmitting the force of the piston, we shall take the 
ease of the steam engine generally used to propel the machinery 
of the larger class of factories, a view of which is given in &g. 26. 
The several parts will be easily understood, after what has been 
stated, without further explanation. 

c is the steam cylinder. 

p, the steam piston. 

v Y f the valves for admitting and withdrawing the steam, at 
each end of the cylinder. 

B, the piston-rod of the air pump. 

x, the piston-rod of the hot- water pump. 

y, the piston-rod of the cold-water pump. 

?, the handle of the cock by which the jet in the condenser is 
made to play with more or less force. 
A* dtfrt* a system of jointed rods called the parallel motion, bt 
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means of which the motion of the beam in the arc of a circle is 
rendered compatible with that of the piston-rod in a straight line. 

Fig. 26. 




A, the pin on the end of the beam connected with the end of the 
piston-rod by the joint h g. 

b y the pin on the beam connected with the piston-rod of the air 
pump by the joint b d» 

H, the pin on the working end of the beam. 

o, a rod called the connecting rod, by which the end h of the 
beam is connected with a crank or winch upon the main shaft) to 
which it is required to impart rotation. 

a 2 *** 
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m, a lever jointed to a system of rods by which the valves 
v v' admitting and withdrawing the steam at the top and bottom 
of the cylinder are opened and closed. This lever m is acted upon 
by pins which project from the piston-rod of the air pump, and 
which appear in the figure. When the piston descends, the 
upper pin strikes the arm m, which closes the upper steam valve 
and lower exhausting valve, and opens the lower steam valve and 
upper exhausting valve, so that the steam is admitted below and 
withdrawn from above the piston, which is accordingly driven up. 
When the up-stroke is nearly terminated, the lower pin on the 
rod K strikes the arm m, driving it upwards, and closes the upper 
exhausting valve and the lower steam valve, while it opens the 
upper steam valve and lower exhausting valve, by which means the 
piston is driven down. 

This method of working the valves is however at present rarely 
used, being replaced by another expedient which we shall pre- 
sently describe. lU 

s, the pipe leading from the boiler by which steam is supplied 
to the cylinder to impel the piston. This pipe communicates with 
both ends of the cylinder by means of a passage s', which is 
parallel to the cylinder. 

t, the handle of a valve called the throttle valve, which is within 
the steam pipe s, and which is turned by the handle, so as to contract 
or widen more or less the passage for the steam. By this means 
the supply of steam to the cylinder is increased or diminished. 

Q, a system of revolving balls called the governor, with which 
the handle x of the throttle valve is connected by a series of levers < 
and joints, which are- so constructed, that when the balls recede 
from the axis of the governor, the valve is more or less closed, 
and when they fall near the axis, the valve is fully open. These 
balls receive a motion of revolution from the main shaft upon 
which the crank is constructed by means of' a band or by toothed 
wheels. In either case their velocity of rotation will be always 
proportionate to that of the shaft. In all applications of the 
engine to the purposes of manufacture and the arts, there is some 
determinate velocity which is required to be given to the shaft 
If steam be supplied in too great quantity to the cylinder, the 
motion given to the shaft will be too rapid ; and if it be supplied 
in too small quantity, the motion will be too slow. 

Such irregularities of motion are prevented by the governor. 
The moment the motion begins to be too rapid, the centrifugal 
force produced by the revolution causes the balls to fly out, to 
recede from the axis, and to close more or less the throttle valve. 
If, on the contrary, the motion begins to be two slow, the balls 
fall in, approach the axis, and open the throttle valve. Thus 
36 
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every undue increase of speed diminishes the supply of steam, and 
moderates the velocity; and every undue decrease of speed, 
increases the supply of steam, and augments the velocity. In 
this manner the action of the governor keeps the engine constantly 
moving at a regulated rate. 

44. The manner in which the governor opens the throttle valve 
will be still more easily understood by the aid of fig. 27. 

A small grooved wheel A b is attached to a vertical spindle 
supported in pivots or sockets c and d, in which it is capable of 
revolving. An endless cord works in the groove A b, and is 
carried over proper pulleys to the axle of the fly- wheel, where it 
likewise works in a groove. When this cord is properly tightened, 




the motion of the fly-wheel will give motion to the wheel A b, so 
that the velocity of the one will be subject to all the changes inci- 
dental to the velocity of the other. By this means the speed of 
the grooved wheel a b may be considered as representing the 
speed of tlfe fly-wheel, and of the machinery which the axle of 
the fly-wheel drives. 

It is evident that the same end might be obtained by substi- 
tuting for the grooved wheel A B a toothed wheel, which mi&fc&Vfe 
connected by other toothed wheels, and \>to^«t 3&»Ste «&^ «&«* 
with the axle of the fly-wheel. 
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A ring or collar e is placed on the upright spindle, so as to be 
capable of moving freely upwards and downwards. To this ring 
are attached by pivots two short levers, ef, the piyots or joints 
at E allowing these levers to play upon them. At f these levers 
are joined by pivots to other levers f g, which cross each other 
at h, where an axle or pin passes through them, and attaches 
them to the upright spindle c d. These intersecting levers are 
capable, however, of playing on this axle or pin h. To the ends 
g of these levers are attached two heavy balls of metal. The 
levers f g pass through slits in a metallic arc attached to the 
upright spindle, so as to be capable of revolving upon it. If the 
balls are drawn outwards from the vertical axis, it is evident 
that the ends f of the levers will be drawn down, and therefore 
the pivots e likewise drawn down. In fact, the angles efh will 
become more acute, and the angles fef more obtuse. By these 
means the sliding ring e will be drawn down. To this sliding 
ring E, and immediately above it, is attached a grooved collar, 
which slides on the vertical spindle upwards and downwards with 
the ring e. In the grooved collar are inserted the prongs of a 
fork k, formed at the end of the lever x l, the fulcrum or pivot of 
the lever being at l. By this arrangement, when the divergence 
of the balls causes the collar e to be drawn down, the fork x, 
whose prongs are inserted in the groove of that collar, is likewise 
drawn down ; and, on the other hand, when by reason of the 
balls falling towards the vertical spindle, the collar e is raised, 
the fork k is likewise raised. 

The ascent and descent of the fork k necessarily produce a 
contrary motion in the other end n of the lever. This end is 
connected by a rod, or system of rods, with the end M of the short 
lever which works the throttle valve t. By such means the 
motion of the balls, towards or from the vertical spindle, pro- 
duces in the throttle valve a corresponding motion ; and they are 
so connected that the divergence of the balls will cause the throttle 
valve to close, while their descent towards the vertical spindle 
will cause it to open. 

These arrangements being comprehended, let us suppose that, 
either by reason of a diminished load upon the engine or an 
increased activity of the boiler, the speed has a tendency to 
increase. This would impart increased velocity to the grooved 
wheel a b, which would cause the balls to revolve with an 
accelerated speed. The centrifugal force which attends tbeir 
motion would therefore give them a tendency to move from the 
axle, or to diverge. This would cause, by the means already 
explained, the throttle valve t to be partially closed, by which 
the supply of steam from the boiler to the cylinder would be 
38 
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diminished, and the energy of the moving power, therefore, 
mitigated. The undue increase of speed would thereby be 



If, on the other hand, either by an increase of the load, or a 
diminished activity in the boiler, the speed of the machine was 
lessened, a corresponding diminution of velocity would take place 
in the grooved wheel a. b. This would cause the balls to revolve 
with less speed, and the centrifugal force produced by their 
circular motion would be diminished. This force being thus no 
longer able fully to counteract? their gravity, they would fall 
towards the spindle, which would cause, as already explained, the 
throttle valve to be more fully opened. This would produce a 
more ample supply of steam to the cylinder, by which the velocity 
of the machine would be restored to its proper amount. 

45. The method of working the valves by means of pins pro- 
jecting from the rod of the air pump has been in most cases super- 
seded by an apparatus called an eccentric, by which the motion of 
the axle of the fly-wheel is made to open and close the valves at 
the proper times. 

An eccentric is a metallic circle attached to a revolving axle, so 
that the centre of the circle shall not coincide with the centre 
round which the axle revolves. Let us suppose that g (fig. 28) is 
a square revolving shaft. Let a circular plate of metal, B D, 

B 




having its centre at c, have a square hole cut in it corresponding 
to the shaft, G, and let the shaft, g, pass through this square 
aperture, so that the circular plate, b d, shall be fastened upon 
the shaft, and capable of revolving with it as the shaft revolves. 
The centre, c, of the circular plate will be carried rorca&. Vka 
eentre, g, of the revolving shaft, and. to& tes&Tto* wsb&> *-&. *- 



THE 8BAM EXGIXZ. 

circle, the radios oi which will be the distance of the centre, c, of 
the circular {date from the centre of the shaft. Such circular 
plate, so placed upon a shaft, and revolving with it, is an 
ccctntmc. 

Let E F be a metallic ring, formed of two semicircles of metal 
screwed together at H, so as to be capable, by the adjustment of 
the screws, of haying the circular aperture formed by the ring 
enlarged and diminished within certain small limits. Let this 
circular aperture be supposed to be equal to the magnitude of 
the eccentric, bo. To the circular ring, e f, let an aim, 1 M, 
be attached. If the ring, E f, be placed around the eccentric, 
and the screws, h, be so adjusted as to allow the eccentric to 
revolve within the ring, E F, then, while the eccentric revolves, 
the ring not partaking of its revolution, the arm, i m , will be 
alternately driven to the right and to the left, by the motion of the 
centre, c, of the eccentric as it revolves round the centre, e, of the 
axle. When the centre, c, of the eccentric is in the same horirontal 
line with the centre, 6, and to the left of it, then the position of I x 
wOl be that which is represented in fig. 28 ; but when, after half 
a revolution of the main axle, the centre, c, of the eccentric is 
thrown on the other side of the centre, 6, then the point, x, will 
be transferred to the right, to a distance equal to twice the- 
distance c 6. Thus, as the eccentric revolves within the ring, 
E F, that ring, together with the arm, l x, will be alternately 
driven right and left, through a space equal to twice the distance 
between the centre of the eccentric and the centre of the revolving 
shaft. 

If we suppose a notch formed at the extremity of the arm, L x, 
which is capable of embracing a lever, ir x, moveable on a pivot 
at if, the motion of the eccentric would give to such a lever an 
alternate motion from right to left, and vice versd. If we suppose 
another lever, K o, connected with x x, and at right angles to it, 
forming what is called a bell-crank, then the alternate motion, 
received by m, from right to left, would give a corresponding' 
motion to the extremity, o, of the lever, n o, upwards and down- 
wards. If this last point, o, were attached to a vertical arm or 
shaft, it would impart to such arm or shaft an alternate motion 
upwards and downwards, the extent of which would be regulated 
by the length of the levers respectively. 

By such a contrivance the revolution of the shaft is made to 
give an alternate vertical motion of any required extent to a 
vertical shaft placed near the cylinder, which may be so connected 
with the valves as to open and close them. Since the upward and 
downward motion of this vertical shaft is governed by the alternate 
motion of the centre, c, to the right and to the left of the centre, 
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G, it is evident that, by the adjustment of the eccentric upon the 
shaft, the valves maybe opened and closed at any required position 
of the crank, and therefore at any required position of the piston 
in the cylinder. 

Such is the contrivance by which the valves, whatever form may 
be given to them, are now almost universally worked in double- 
acting steam engines. 

46. Notwithstanding the regulating influence of the governor, 
the motion of the engine would still be subject to a certain 
inequality, owing to the varying action of the connecting rod, o 
(fig. 26), on the crank. It will be quite evident that this action 
is most efficient when o is placed at right angles to the crank, 
which it is twice in every revolution, but that the more oblique it 
is to the crank the less efficient will be its action upon it. 

Now this inequality is effaced very nearly, if not altogether, by 
means of a large and massive wheel of oast iron, called the fly- 
wheel, which is keyed upon the axle of the crank so as to revolve 
with it, as shown in fig. 26. This wheel being well constructed, 
and nicely balanced on its axle, is subject to very little resistance 
from friction; any moving force which it receives it therefore 
retains, and is ready to impart such moving force to the main 
axle whenever that axle ceases to be driven by the power. When 
the crank, therefore, is in those, positions in which the action of 
the power upon it is most efficient, a portion of the energy of the 
power is expended in increasing the velocity of the mass of matter 
composing the fly-wheel. As the crank approaches the dead 
points, that is the points where it is in the same straight line with 
the connecting rod, the effect of the moving power upon the axle 
and upon the crank is gradually enfeebled, and at these points 
vanishes altogether. The momentum which has been imparted to 
the fly-wheel then comes into play, and carries forward the axle 
and crank out of the dead points with a velocity very little less 
than that which it had when the crank was in the most favourable 
position for reoeiving the action of the moving power. 

By this expedient, the motion of revolution received by the 
axle from the steam piston is subject to no other variation than 
just the amount of change of momentum in the great mass of the 
fly-wheel which is sufficient to extricate the crank twice in every 
revolution from the mechanical dilemma to which its peculiar form 
exposes it ; and this change of velocity may be reduced to as small 
an amount as can be requisite by giving the necessary weight and 
magnitude to the fly-wheel. 

47. The; combination of jointed rods represented at cdg b, in 
Gg, 26, called the parallel motion, constitutes one of the maa^ 
inventions of "Watt, which has always ex<&&&. ^5aa ^reataafc *&sssfc- 
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ration, by reason of the remarkable geometrical intuition which it 
manifested in one who was nninstructed in the advanced prin- 
ciples of geometrical analysis upon which the perfection of its 
action depends. Although this beautiful arrangement has been 
very generally superseded by others of greater simplicity, and of 
sufficient, though less, precision of action, it will not be unin- 
teresting here to attempt a brief and popular explanation of the 
principles upon which its performance depends. 

The end of the beam with which the top of the piston-rod is 
connected vibrating upon its centre, necessarily plays in a circular 
arc, the convexity of which is presented to the right in fig. 26. 
Now it is clear, that if the end g of the piston-rod were imme- 
diately jointed to this end of the beam, it would be bent towards 
the right through the convexity of the arc, while the beam moves 
from its highest or lowest position to the middle of its play, and 
that while it moves from the latter to the former position it will 
be deflected back towards the left. Now, the efficient performance 
of the engine absolutely requires that the piston-rod should not be 
exposed to any such alternate strain, but that it should be guided 
in a perfectly straight line in the direction of the axis of the cylinder ; 
and this is precisely what the parallel motion accomplishes. 

As we have just explained, the point h plays in an arc whose 
convexity is presented to the right. Now, the joint c d, or link, as 
it is called, moves upon a fixed centre, c, and consequently plays 
in an arc whose convexity is presented to the left, that is, contrary 
to the former. While the point h throws the upper end of the 
link g h to the right, by reason of the convexity of its play being 
on that side, the point d throws the lower end g to the left, by 
reason of its convexity being on the contrary side. 

Now, the proportion of the lengths of the rods is so nicely 
adjusted, that the effect of the rod c d in throwing the point g to 
the left is exactly equal to the effect of the beam in throwing it 
to the right ; and the consequence of this mutual compensation is, 
that the point g f to which the end of the piston-rod is jointed, is 
thrown neither to the right nor to the left, but is moved upwards 
and downwards in a straight line. 

48. To be enabled to verify the efficiency of the engine and 
enforce a due economy of fuel, it is necessary to be provided with 
indicators, by which at all times the effective force of the piston can 
be ascertained. Now this effective force depends conjointly upon 
the pressure of the steam which moves the piston and the reaction 
of the uncondensed steam, and of the gases which the air pump 
may fail to withdraw from the condenser. Two mercurial gauges 
are accordingly provided for this purpose in all large stationary 
engines which are constructed on the condensing principle. 
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i 

The force of steam which moves the piston is indicated by the 
steam gauge already desoribed, and which is shown attached to 
the exposed end, k, of the boiler in fig. 7. The reaction of the 
uncondensed steam and gases is indicated by a gauge called the 
barometer gauge, inasmuch as it would be in fact a barometer if 
an absolute vacuum were produced before the piston. This gauge 
consists of a glass tube, A B (fig. 29), more than thirty inches long, 
and open at both ends, placed in an upright or vertical 
position, having the lower end b immersed in a _ *" 
cistern of mercury, c. To the upper end is attached ~ = ' 
a metal tube, which communicates with the condenser, 
in which a constant vacuum, or rather high degree of 
rarefaction, is sustained. The same vacuum must 
therefore exist in the tube A b, above the level of the 
mercury, and the atmospheric pressure on the surface 
of the mercury in the cistern c will force the mercury 
up in the tube A b, until the column which is sus- 
pended in it is equal to the difference between the 
atmospheric pressure and the pressure of the nncon- 
densed steam. The difference between the column of 
mercury sustained in this instrument and in the 
common barometer, will determine the strength of the uncondensed 
steam, allowing a force proportional to one pound per square inch 
for every two inches of mercury in the difference of the two 
columns. In a well-constructed engine which is in good order, 
there is very little difference between the altitude in the barometer 
gauge and the common barometer. 

49. To compute the force with which the piston descends, thus 
becomes a very simple arithmetical process. First, ascertain the 
difference of the levels of the mercury in the steam gauge; this 
gives the excess of the steam pressure above the atmospheric 
pressure. Then find the height of the mercury in the barometer 
gauge ; this gives the excess of the atmospheric pressure above 
the uncondensed steam. Hence, if these two heights be added 
together, we shall obtain the excess of the impelling force of the 
steam from the boiler, on the one side of the piston, above the 
resistance of the uncondensed steam on the other side ; this will 
give the effective impelling force. Now, if one pound be allowed 
for every two inches of mercury in the two columns just mentioned, 
we shall have the number of pounds of impelling pressure on every 
square inch of the piston. Then, if the number of square inches 
in the section of the piston be found, and multiplied by the 
number of pounds on each square inch, the force with which it 
moves will be obtained. 

From what we have stated it appears \ka.V, v& ort&st \» <sa»sas&R. 
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the force with which the piston is urged, it is necessary to refer to 
both the barometer and the steam gauge. This double computa- , 
tion may be obviated by making one gauge serve both purposes. 
If the end c of the steam gauge (fig. 7), instead of communi- 
cating with the atmosphere, were continued to the condenser, we 
should have the pressure of the steam acting upon the mercury in 
the tube b a, and the pressure of the uncondensed vapour which 
resists the piston acting on the mercury in the tube b c. Hence 
the difference of the levels of the mercury in the tubes would at 
once indicate the difference between the force of the steam and 
that of the uncondensed vapour, which is the effective force with 
which the piston is urged. 

50. Perfect as these expedients must appear, they have been 
deemed insufficient as indicators of an element so important as the 
economy of steam power. If, during the motion of the piston 
from end to end of the cylinder, the steam really acted upon it 
with an uniform force, and if the reaction against it were also 
uniform, then the steam and barometer gauges would give an exact 
measure of the effective power. But many causes co-operate in 
preventing such uniformity of action and reaction. 

In the first place, the end of the cylinder from which the piston 
moves is never left in free communication with the boiler through 
the entire stroke. In all cases the steam is shut off by closing 
the steam valve before the stroke is completed, and if the engine 
works by expansion, which most engines do, the steam is shut off 
after a certain part of the stroke — such as three-fourths, two- 
thirds, a half, and sometimes even a third, or a fourth — has been 
made. In all such cases, the pressure on the piston after the 
steam has been shut off becomes less and less, as the steam in the 
cylinder expands by the advance of the piston. 

Neither is the reaction uniform; for the condensation of the 
steam in the condenser is not absolutely instantaneous, though 
very rapid, but still less is the removal of the air and gases, which 
are fixed in the water injected to produce the condensation, 
instantaneous. The action of the air pump is gradual, and con- 
sequently the reaction on the piston, considerable at first, becomes 
gradually less and less towards the end of the stroke. 

Now it is clear that, under these circumstances, the effective 
power of the piston, being always measured by the excess of the 
impelling force over the reaction, must vary continually from the 
beginning to the end of the stroke ; and as the total effeotive force 
must consist of the aggregate of this varying action, it would seem 
to be a problem of the greatest practical difficulty to ascertain it. 

51. Nevertheless, the inexhaustible resources of the genius of 
Watt, which surmounted so many other difficulties, did not shrink 
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before this ; and produced an instrument of most felicitous per- 
fection, called an Indicator, by which the object was perfectly and 
simply attained. 

This contrivance consists of a cylinder of about If inch in diameter, 
and 8 inches in length. It is bored with great accuracy, and fitted 
with a solid piston moving steam-tight in it with very little friction. 
The rod of this piston is guided in the direction of the axis of the 
cylinder through a collar in the top, so as not to be subject to fric- 
tion in any part of its play. At the bottom of the cylinder is a pipe 
governed by a stop-cock and terminated in a screw, by which the 
instrument may be screwed on the top of the steam cylinder of the 
engine. In this position, if the stop-cock of the indicator be 
opened, a free communication will be made between the cylinder 
of the indicator and that of the engine. The piston-rod of the 
indicator is attached to a spiral spring, which is capable of exten- 
sion and compression, and which by its elasticity is capable of 
measuring the force which extends or compresses it in the same 
manner as a spring steel-yard or balance. If a scale be attached 
to the instrument at any point on the piston-rod to which an index 
might be attached, then the position of that index upon the 
scale would be governed by the position of the indicator piston in 
its cylinder. If any force pressed the indicator piston upwards, 
so as to compress the spring, the index would rise upon the scale ; 
and if, on the other hand, a force pressed the indicator piston 
downwards, then the spiral spring would be extended, and the 
index on the piston-rod descend upon the scale. In each case 
the force of the spring, whether compressed or extended, would 
be equal to the force urging the indicator piston, and the scale 
anight be so divided as to show the amount of this force. 

Now let the instrument be supposed to be screwed upon the top 
of the cylinder of a steam engine, and the stop-cock opened so as to 
leave a free communication between the cylinder of the indicator 
below its piston and the cylinder of the steam engine above' the 
steam piston. At the moment the upper steam valve is opened, 
the steam rushing in upon the steam piston will also pass into the 
indicator, and press the indicator piston upwards : the index upon 
its piston-rod will point upon the scale to the amount of pressure 
thus exerted. As the steam piston descends, the indicator piston 
will vary its position with the varying pressure of the steam in the 
cylinder, and the index on the piston-rod will play upon the 
scale, so as to show the pressure of the steam at each point during 
the descent of the piston. 

52. If it were possible to observe and record the varying positions 

of the index on the piston-rod of the indicator, and to refec «m&. 

.of these varying positions to the cotx«s£QKU&&£ ^so& <& ^^ 
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descending stroke, we should then be able to declare the actual 
pressure of the steam at every point of the stroke. But it is 
evident that such an observation would not be practicable. A 
method, however, was contrived by Mr. Southern, an assistant of 
Messrs. Boulton and Watt, by which this is perfectly effected. A 
square piece of paper, or card, is stretched upon a board, which 
slides in grooves formed in a frame. This frame is placed in a 
vertical position near the indicator, so that the paper may be 
moved in a horizontal direction backwards and forwards, through 
a space of fourteen or fifteen inches. Instead of an index, a 
pencil is attached to the indicator of the piston-rod : this pencil is 
lightly pressed by a spring against the paper above mentioned, 
and as the paper is moved in a horizontal direction, the pencil 
would trace upon it a line. If the pencil were stationary, this 
line would be straight and horizontal, but if the pencil were 
subject to a vertical motion, the line traced on the paper moved 
under the pencil horizontally would be a curve, the form of which 
would depend on the vertical motion of the pencil. The board 
thus supporting the paper is put into connection by a light cord 
carried over pulleys with some part of the parallel motion, by 
which it is alternately moved to the right and to the left. As the 
piston ascends or descends, the whole play of the board in the 
horizontal direction will therefore represent the length of the 
stroke, and every fractional part of that play will correspond to a 
proportional part of the stroke of the steam piston. , 

53. The apparatus being thus arranged, let us suppose the steam 
piston at the top of the cylinder commencing its descent. As it 
descends, the pencil attached to the indicator piston-rod varies it» 
height according to the varying pressure of the steam in the 
cylinder. At the same time the paper is moved uniformly under 
the pencil, and a curved line is traced upon it from right to left* 
When the piston has reached the bottom of the cylinder, the 
upper exhausting valve is opened, and the steam drawn off to the 
condenser. The indicator piston being immediately relieved from 
a part of the pressure acting upon it, descends, and with it the 
pencil also descends ; but at the same time the steam piston has 
begun to ascend, and the paper to return from left to right under 
the pencil. While the steam piston continues to ascend, the. con- 
densation becomes more and more perfect, and the vacuum in the 
cylinder, and therefore also in the indicator, being gradually 
increased in power, the atmospheric pressure above the indicator 
piston presses it downwards and stretches the spring. The pencil 
meanwhile, with the paper moving under it from right to . left, 
traces a second curve. As the former curve showed the actual 
pressure of the steam impelling the piston in its descent, this latter 
40 
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will show the pressure of the uncondensed steam resisting the 
piston in its ascent, and a comparison of the two will exhibit the 
effective force on the piston. Fig 30 represents such a diagram 
as would be produced by this instrument, abc is the curve 
traced by the pencil during the descent of the piston, and C D E 
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that during its ascent. A is the position of the pencil at the 
moment the piston commences its descent, b is its position at the 
middle of the stroke, and c at the termination of the stroke. 
On closing the upper steam valve and closing the exhausting 
valve, the indicator piston being gradually relieved from the 
pressure of the steam, the pencil descends, and at the same time 
the paper moving from left to right, the pencil traces the curve 
c D E, the gradual descent of this curve showing the progressive 
increase of the vacuum. As the atmospheric pressure constantly 
acts above the piston of the indicator, its position will be deter- 
mined by the difference between the atmospheric pressure and the 
pressure of the steam below it ; and therefore the difference be- 
tween the heights of the pencil at corresponding points in the 
ascending and descending stroke will express the difference 
between the pressure of the steam impelling the piston in the 
ascent and resisting it in the descent at these points. Thus, at 
the middle of the stroke, the line b d will express the extent to 
which the spring governing the indicator piston would be stretched 
by the difference between the force of steam impelling the piston 
at the middle of the descending stroke, and the force of steam 
resisting it at the middle of the ascending stroke. The foroe, 
therefore, measured by the line b d will be the effective force on 
the piston at that point, and the same may be said of every part of 
the diagram produced by the indicator. 

The whole mechanical effect produced by the stroke of the 
piston being composed of the aggregate of all its varying effects 
throughout the stroke, the determination of its amount is a matter 
of easy calculation by the measurement of the diaje»sa> «oag§aR&> 
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by the indicator. Let the horizontal play of the pencil from A to 
€ be divided into any proposed number of equal parts, say ten: at 
the middle of the stroke, 6 d expresses the effective force on the 
piston ; and if this be considered to be uniform through the tenth 
part of the stroke, as from /to g, then the number of pounds 
expressed by bd multiplied by the tenth part of the stroke ex- 
pressed in parts of a foot, will be the mechanical effect through 
that part of the stroke expressed in pounds' weight raised one 
foot. In like manner m n will express the effective force on the 
piston after three-fourths of the stroke have been performed, and 
if this be multiplied by a tenth part of the stroke as before, the 
mechanical effect similarly expressed will be obtained ; and the 
same process being applied to every successive tenth part of the 
stroke, and the numerical results thus obtained being added 
together, the whole effect of the stroke will be obtained, expressed 
in pounds' weight raised one foot. 

54. By means of the indicator, the actual mechanical effect pro- 
duced by each stroke of the engine can be obtained, and if the actual 
number of strokes made in any given time be known, the whole • 
effect of the moving power would be determined. An instrument 
called a counter was also contrived by Watt, to be attached either 
to the working beam, or to any other reciprocating part of the 
engine. This instrument consisted of a train of wheel-work with 
governing hands, or indices moved upon divided dials, like the 
hands of a clock. A record of the strokes was preserved by means 
precisely similar to those by which the hands of a clock or time- 
piece indicate and record the number of vibrations of the pendulum 
or balance-wheel. 

55. Such, then, is the machine, and such the principal expedients 
by which it has been adapted as a moving power of unparalleled 
importance and efficiency in all the industrial arts. In certain 
applications of the engine some of these provisions are unnecessary 
or inapplicable. In others supplementary expedients are required 
and supplied. Our present purpose, however, will be attained, if 
we have succeeded in rendering clearly intelligible the general 
principle upon which the machine as described above acts, 
and the special uses of the accessories that have been described. 
These being well understood, no great difficulty will be encountered 
in comprehending the mechanism and the action of any special 
form of engine. 
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CHAPTER I. 

1. Familiar to every eye. — 2. Its mechanism not generally understood. — 
3. Object of this Treatise. — i. Two modes of propelling wheel car- 
riages. — 6. How locomotive is propelled. — 6. Action of piston-rod 
on wheels. — 7. Dead points. — 8. Unequal action. — 9. How remedied. 
— 10. Connection of piston-rods with wheels. — 11. Wheels fixed on 
their axles. — 12. Form of locomotive. — 13. Driving-wheels. — 14. 
Coupled wheels. — 15. Consumption of Bteam. — 16. Evaporating 
power of boiler determines efficacy of engine. — 17. Fire-box. — 18. 
Tubes through boiler.— 19. Fuel.— 20. Blast-pipe.— 21. Tender.— 
22. Flans and sections, with their description. 

1. Although it be the variety of the steam-engine, whose in- 
vention is the most recent in date, the locomotive is the form of 
the machine which is most familiar to the public in every country. 
To behold the vast engines used for drainage, mining countries *• 
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THE LOCOMOTIVE. 

must be visited ; to see those adapted to useful machinery, we must 
go to the factories ; to view those applied to navigation, we must 
descend into the holds of ships. The locomotive, however, needs 
not be sought. It is patent and obtrusive. It addresses the 
senses of hearing and seeing. The warning whistle and the 
snorting chimney are familiar to every ear, and the flashing speed 
of the engine, with its snake-like appendage of vehicles of tran- 
sport, is familiar to every eye. 

2. Of the countless multitudes in all civilised countries who 
witness the extraordinary performances of the locomotive, and 
participate in its use and enjoyment, few comprehend the source 
of its power, or the principle of its action. They see it sweep 
along with the speed of the hurricane, drawing after it carriages, 
carrying hundreds of human beings, or hundreds of head of cattle, 
or tons of goods, but the agency which accomplishes this miracle 
is to them wrapt in mystery. Many desire to possess the key to 
the enigma, to unlock the secret, but recoil from the labours 
which the perusal and study of even the most popular treatise on 
the locomotive would require, a labour for which few have the 
disposable time, and still fewer the qualifications depending on 
preliminary knowledge and intellectual aptitude. 

3. It is this multitude that we now desire to address, hoping 
to offer, in a small compass, such a simple and clear account of the 
variety of steam-engine referred to, as will be intelligible to all 
persons, without more labour than all can conveniently devote 
to it. 

4. A moving power may be applied in two ways to propel a 
vehicle supported on wheels. It may be harnessed to it as horses 
to a carriage, and may draw it on by traces, or it may be applied 
to the wheels, so as to make them revolve. If the wheels be made 
to revolve, they must either slip upon the road, or the vehicle 
must advance. But if the weight upon them be considerable, and 
the state of the road suitable, they will have such adhesion with 
the road at the points where they rest upon it, that they will not in 
general slip ; and if they do not, the vehicle which they support 
must be propelled by each revolution of the wheels through a space 
equal to the external circumference of their tires. 

5. Now it is by this latter means that the power of steam is 
applied to propel the locomotive. The steam pistons are connected 
by iron rods, called connecting-rods, either with the spokes of the 
wheels, at certain regulated distances from the axles, or with 
arms, called cranks, formed on the axles between the wheels. 
The force with which the pistons are alternately driven by the 
steam from end to end of the cylinders, is conveyed by the con- 
necting rods to the spokes or cranks, and it acts upon them in the 
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«ame manner as the arm of a man acts upon a windlass, thus 
imparting a continuous motion of revolution to the wheels. 

6. To render this action of the piston on the wheels more appa- 
rent, the piston-rod, the connecting-rod, and the spoke or crank, 
are shown in fig. 1, in eight successive 
.positions assumed by them during 
each revolution of the crank. The 
direction in which the connecting- 
rod acts upon the crank is indicated 
by the arrow. 

The joint p unites the connecting- 
rod with the end of the piston-rod, 
and the joint r unites it with the 
end of the crank or spoke, the fixed 
centre round which the crank or 
spoke revolves being c. 

While the piston makes a double 
stroke from one end of the cylinder 
to the other and back, the joint r 
makes one complete revolution round 
the centre c. 

In the position shown in A, the 
piston is at the end of the cylinder 
most remote from the crank, and the 
joint r is. directly between the centre 
c and the joint p. 

In the position B, the joint r has 
moved from that position, the piston 
moving towards c, and the connect- 
ing-rod and crank forming an obtuse 
angle. The force of the steam im- 
pelling the connecting-rod in the 
•direction shown by the arrow, acts at 
an obtuse angle with the crank. 

As the piston continues to move, 
the angle formed by the connecting- 
rod and crank becomes less and less, 
until in the position shown in c the 
angle becomes a right angle, and 
then the whole force given to the 
connecting-rod becomes effective. 

In the position D, the angle formed 
by the connecting rod and crank 

becomes acute, and in the position E, the joint r assumes a. ^ws*- 
tion in a direct line with c and p y ami tta \fafafe. \*»& -*«»&&»&- 

i 2 



=rr 



w 



m 



\Y5> 



THE LOCOMOTIVE. 

the end of the cylinder nearest to c. After this the piston begins 
to move from c towards the more remote end of the cylinder, and 
the joint r assumes successively the positions shown in F, G, and 
H, the crank making first an acute angle, then a right angle, and, 
in fine, an obtuse angle with the connecting-rod, until the piston 
has arrived at the more remote end of the cylinder, when the 
points c, r, and p y receive the position shown in a. 

7. It must be observed, that in the positions shown in A and E, 
the connecting-rod being parallel to the crank, can have no power 
to turn it ; that in passing from the position a to the position c, 
the rod being less and less oblique to the crank, has a continually 
increasing power to turn it, until at c, being at right angles 
to it, it has full power upon it. After passing the position c, the 
rod becoming more and more oblique to c, has less and less power 
upon it, until arriving at the position £, it is parallel with it, and 
loses all power over it. 

The two positions shown in a and e, in which the piston is at 
one end or the other of the cylinder, and in which the piston loses 
all power to move the crank, are called the dead points. 

8. After passing the positions, when the piston, having changed 
the direction of its motion begins to return to the other end of the 
cylinder, the rod again forms an acute angle with the crank, and 
acts upon it, but with disadvantage, as shown in F. 

The angle formed by the rod and the crank increasing, becomes 
at length a right angle, as in g, when the rod acts with full effect 
on the crank. 

After this, the angle between the rod and the crank becomes 
obtuse, as in n, and the action is again disadvantageous, and 
more and more so as the angle becomes more and more obtuse, 
until at length the rod and crank return to the position repre- 
sented in A. 

Since the action of the piston upon the wheel is, therefore, 
unequal, having its greatest efficiency at the points shown in c 
and g, and ceasing altogether in the positions A and E, a single 
piston would give to the engine an unequal progressive motion. It 
would advance by starts, being impelled with most effect when 
the piston has the positions c and g, and moving only in virtue of 
the velocity already imparted to it when the piston is at the dead 
points a and e. The motion would be alternately fast and slow, 
according to the varying position of the connecting-rod and crank. 

9. This inequality is effaced, and an uniform motion obtained 
by using two cylinders driving different cranks or different wheels, 
and so arranging them, that when either is at its dead points, the 
other is in its positions of greatest efficiency. This is accomplished 
simply by placing the two cranks at right angles to each other, or 
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by connecting the rods with spokes at right angles to each other. 
By such an arrangement, the combined effects of the two cranks 
will be invariable, or nearly so, the effect of either increasing 
exactly as that of the other decreases. 

10. The cylinders are sometimes placed between and sometimes 
outside the wheels. 

If they are placed between one pair of wheels the axle of another 
pair is formed with two cranks, placed at right 
angles to each, which are worked by the con- 
necting-rods of the pistons. 

Such a double-cranked axle is shown in 
fig. 2, the cranks being seen in a position 
oblique to the plane of the diagram. The 
connecting-rods are understood to be attached 
to the cranks at B, and the wheels, which are 
to be driven, are keyed upon the extremity of 
the axle at g. 

When the cylinders are placed outside the 
wheels, the connecting-rods are attached to 
two spokes, one upon each of the wheels which 
they are intended to drive, these two spokes 
being in positions at right angles to each 
other, and the wheels being keyed upon the 
axles, so that the wheels and axles turn 
together. 

11. It may be stated generally that the 
wheels of railway vehicles and engines do not 
turn upon their axles like those of common 
xoad carriages, but are always fixed upon the 
axles, so that the wheel and axle turn toge- 
ther, and, consequently, whether the force 
of the connecting-rods act upon the spokes of 
the wheels, or upon cranks formed upon the 
axle, they will be equally efficient in impart- 
ing rotation to the wheels and consequently 
impelling the engine. 

12. The locomotive engine is commonly sup- 
ported on three pairs of wheels. In some cases 
of small and light engines there are only two 
pairs, and in others there are four pairs. 

The general form and disposition of the parts of a locomotive 
upon three pairs of wheels is shown in fig. 3. In this case the 
two cylinders are placed immediately in front of the fore wheels 
and under the chimney. The intermediate ^yc *&^a\«&ak «xs> 
driven by the connecting-rods. 
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13. The pair of wheels to which revolution is imparted by the* 
piston-rod, through the intervention of the connecting-rods, are 
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called the dbivixg-wheels, since it is by their immediate action* 
that the engine draws the train which is attached to it. They 
are generally of greater diameter than the supporting-wheels, in 
order that the engine may be propelled through a greater space- 
by each stroke of the piston, since the space through which it 
moves by each double stroke is equal to the circumference of 
the driving-wheels. 

The actual dimensions of such an engine as is represented, are 
indicated on the diagram. 

In some engines of more recent construction the driving-wheels 
are placed in the hindermost part of the engine, the cylinders 
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being between the intermediate and foremost pairs of wheels, i 
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represented in fig. 4. In these the driving-wheels are of greater 
dimensions, and the engine is adapted to attain greater speed. 

A lighter and less powerful class of locomotive, supported on 
two pairs of wheels, is shown in fig. 5, the hinder pair being the 
driving-wheels. 
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14. When locomotives are intended to draw very heavy loads 
with less speed, as in the case of goods engines, the driving- 
wheels have less dimensions, and, in order to give. them a greater 
hold upon the rails, it is usual to connect two pair of side wheels, 
of exactly equal dimensions, so that the piston shall act at once on 
both by means of the connecting-rods. The two pair of driving- 
wheels thus connected are said to be coupled, and the engine is 
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called a coupled-engine. Such an engine is *W?tb. y&. ^%» ^> 
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ing-rods being attached to the intermediate pair, and through, 
them acting also on the hinder pair. 

15. It has been shown that to give a revolution to the driving- 
wheels, each of the pistons must move once backwards and for- 
wards in the cylinder, and consequently the boiler must supply to 
the cylinders four measures of steam. In this way, the consump- 
tion of steam necessary for a given progressive speed of the car- 
riage may be calculated. Thus, if the circumference of the 
driving-wheels be thirty feet, four cylinders full of steam will be 
consumed for each thirty feet through which the carriage 
advances. It is apparent, therefore, that the ability of the engine 
to move the load with any requisite speed is resolved into the 
power of the boiler to produce steam of the requisite pressure at 
this required rate. 

Let it be supposed that it is desired to transport a certain load 
at the rate of thirty miles an hour, which is at the rate of half a 
mile, or 2640 feet per minute. Let the circumference of the 
driving-wheels be twenty-six feet and four-tenths. These wheels 
will revolve one hundred times in moving over 2640 feet, or half 
a mile, that is to say, one hundred times per minute. But since 
each revolution requires the boiler to supply four cylinders full of 
steam, the consumption of steam per minute will be four hundred 
times the contents of the cylinder. 

16. The pressure of the steam will depend upon the resistance 
of the load. By the common principles of mechanics, the power 
acting upon the pistons necessary to balance a given resistance at 
the circumference of the wheel can be easily calculated, and thus 
the necessary pressure of the steam ascertained. In this manner 
it can always be determined how much steam, of a given pressure, 
the boiler must produce, in order to enable the engine to carry a 
given load with any required speed. 

The mechanism being properly constructed, it follows, there- 
fore, that the efficacy of the engine must depend ultimately on the 
evaporating power of the boiler. 

In the case of the locomotive engine there are particular condi- 
tions which limit the magnitude and weight of the machinery, 
and create impediments and difficulties in the construction of the 
machine, which are not encountered in stationary engines. As 
the engine itself is transported, and travels with its load, it must 
necessarily be subject to narrow limits as to weight and bulk. 
It has to pass under bridges, and through tunnels, which circum- 
stance not only limits its general magnitude, but almost deprives 
it of the appendage of a chimney, so indispensable to the efficiency 
of stationary steam-engines. 

It follows that this limitation of weight and bulk can only be 
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rendered compatible with great power of evaporation by expe- 
dients which shall produce, in a small furnace, an extremely 
intense combustion, and which shall ensure the transmission to 
the water completely, and immediately, of the heat developed in 
such combustion. 

17. The heat developed in the combustion of fuel in a furnace 
is propagated in two ways. A part radiates from the vivid fuel 
in the manner, and according to nearly the same laws which 
govern the radiation of light. These rays of heat, diverging in 
every direction from burning fuel, strike upon all the surfaces 
which surround the furnace. Now, as it is essential that they 
should be transmitted immediately to the water in the boiler, it 
follows that the furnace ought to be surrounded on every side 
with a portion of the boiler containing water ; in short, a hollow 
casing of metal, filled with water, ought to surround the fire- 
place. By this expedient, the heat radiating from the fuel, strik- 
ing upon the metal which forms the inner surface of such casing, 
will enter the water, and become efficient in producing 
evaporation. 

Whatever then be the particular form given to the engine, the 
furnace must be surrounded by such a casing. This casing is 
called the fire-box. The bottom of it is occupied by a grate, 
which should consist of bars sufficiently deep to prevent them 
from being fused by the fuel which rests upon them, having 
sufficient space between them to allow the air to enter so freely 
as to sustain the combustion, but not such as to allow the unburned 
fuel to fall through them. 

18. The limited magnitude of locomotive boilers renders the 
construction of the extensive flues used in stationary boilers 
impracticable ; and accordingly, in the early engines, a great 
waste of heat was occasioned, owing to the flame and heated air 
being permitted to issue into the chimney before their tempera- 
ture was sufficiently reduced by contact with the flues. 

At length an admirable expedient was adopted which com- 
pletely attained the desired end. The boiler was traversed by a 
considerable number of small tubes of brass or copper, running 
parallel to each other from end to end, the furnace being at one 
end of the boiler, and the chimney at the other. The flame and 
heated air which passed from the furnace had no other issue to 
the chimney except through these tubes. It was thus driven, in 
a multitude of threads, through the water. The magnitude and 
number of the tubes was so regulated, that when the air arrived 
at the chimney, it had given out as much of its heat as was prac- 
ticable to the water. 

The full importance of this expedient to% th& tt^Mw^te^" 03 ^ 



THE LOCOMOTIYE. 

long after its first adoption. In the first instance, the tubes 
traversing the boiler were small in number, and considerable in 
diameter, but as their effects were rendered more and more 
evident by experience, their diameter was diminished and their 
number increased, and at length it was not uncommon for the 
boiler to be traversed by one hundred and fifty tubes of one inch 
and a half in internal diameter. 

The heat was thus, as it were, strained out of the air before the 
latter was dismissed into the chimney. 

These tubes were necessarily kept below the surface of the 
water in the boiler, so that they were constantly washed by the 
water, and the heat taken up from them was absorbed imme- 
diately by the bubbles of steam generated at their surface, which 
bubbles continually rose to the top of the boiler and collected in 
the steam chamber. 

It will be understood from these observations, that the evapo- 
rating power of the locomotive boiler, is determined by the 
quantity of surface exposed to the radiant heat in the fire-box 
and the quantity of surface exposed to the action of the heated air 
in the tubes. The expression of the quantity of this surface in 
square feet is the usual test of the evaporating power of the boiler. 

19. Much of the efficacy of these boilers depends on the quality 
of the fueL As the engines travel through districts of the 
country more or less populous, the evolution of smoke is inad- 
missible in consequence of the nuisance it would produce. It 
was, therefore, resolved to use coke as fuel instead of coal. 

Another advantage, however, attended the use of this fuel* 
Coke being composed chiefly of carbon, to the exclusion of the 
more volatile constituents of coal which produce flame in the com* 
bustion, the chief part of the heat developed acts by radiation* 
No flame issues from the furnace, and heated air only passes, 
through the tubes. It is more easy, therefore, to extract the 
heat than would be the case if flame were developed. In short, 
with this fuel, the portion of the heat developed in the furnace is 
much greater than that which would be developed in the com- 
bustion of coal. The surface of the fire-box becomes relatively 
more efficient, and the flues less so than in stationary engines 
where coal is used. 

Independently, therefore, of the advantage of developing no 
smoke, the coke is a form of fuel better adapted to the condition 
of the lomocotive engine. 

20. To sustain a rapid and intense combustion on a grate 
necessarily small, a proportional force of draft is indispensable. 
In stationary engines, as is well known, the draft in the furnace 
is usually produced by a chimney of corresponding elevation; but 
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this being inadmissible under the conditions of the locomotive 
engine, it is necessary to adopt some other expedient to produce- 
the necessary current of air through the tube. A blower, or 
fanner, working in the funnel or in any other convenient position, 
would answer the purpose ; but a much better expedient has been 
adopted. 

The steam, after driving the piston, is allowed to escape, but in 
order to turn it to profitable account, instead of being dismissed 
into the atmosphere, where it would produce a cloud of vapour 
around the engine, it is conducted through [a pipe to the base of 
the funnel, where it is allowed to escape in a jet directly up the . 
chimney. In this manner a puff of waste steam escaping from the ' 
cylinders as the pistons arrive at the one end or the other, is 
injected into the chimney, and a constant succession of these puffs 
take place, four being made for every revolution of the driving- 
wheels. These continual puffs of vapour maintain in the chimney 
a constant current upwards, by which the air and gases of com- : 
bustion are drawn from the fire-box through the tubes. 

The pipe by which these jets are directed up the chimney, 
called the blast-pipe, serves the purpose of a most efficient 
bellows. 

Those who are not familiar with steam machinery will not find 
it difficult to comprehend that a bellows would produce the same 
effect on the fire if it acted in the chimney, or even at the top of 
the chimney, as if it were applied at the grate bars, provided only 
that the mouth of the chimney near the fire be closed by a door, 
as it always is in steam-engines. 

21. To keep the locomotive boiler supplied with water, and its 
furnace with fuel, it is accompanied by a carriage called a tender, ? 
which bears a supply of fuel, and a cistern of sufficient magnitude, 
containing water. 

This cistern is connected with the interior of the boiler by pipes 
and force-pumps. The force-pumps are worked by the engine. 
The engineer is supplied with a lever, by which he can suspend 
the action of the pumps at pleasure ; so that, if he finds the boiler 
becoming too full, he can, to use a technical phrase, " cut off the 
feed." Gauges are provided, by which he can at all times ascer- 
tain the quantity of water in the boiler, or, which is the same, the 
position of its surface. He is accompanied by a stoker or fireman, 
who from time to time opens the door of the fire-box and feeds the 
furnace. <v 

22. This general description of a locomotive and its accessories, 
will be more clearly understood by the aid of diagrams, showing 
the principal sections and plans of an engine 8&&\e&&£t» 

A series of drawings, showing in, ra&ou uA «3te**8ctfs^^«»ss**r 
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views of a loco- 
motive engine on 
three pairs of 
wheels with its 
tender, is given 
in figs. 7, 8, 9, 10, 
11, 12,13, andl4. 

Fig. 7 is a 
longitudinal ver- 
tical section, 
made by a plane 
parallel to the 
wheels, and pass- 
ing through the 
axis of the boiler 
and the smoke- 
funnel. 

Fig. 8 is a 
plane of the 
working machi- 
nery between the 
wheels and be- 
neath the boiler. 

Fig. 9 is a 
transverse verti- 
cal section made 
by a plane pass- 
ing through the 
fire-box at right 
angles to the 
wheels. 

Fig. 10 is a 
similar trans- 
verse section, 
made by a plane 
passing through 
the smoke -box 
and the axis 
of the smoke- 
funnel. 

Fig. 11 is an 
elevation of the 
end of the engine 
near the driver's 
stage. 



THE LOCOMOTIVE. 
Fig. 12 is a similar elevation of the end next the smoke-fanneL < 

Fig. 9. 



Y~7 




Fig. 13 is a longitudinal vertical section of the tender, by a 
plane at right angles to the wheels, and midway between them. 

Fig. 14 is a plan of the tender seen from above. 

The same parts in the different drawings are generally indicated 
by the same letters. 
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The principal parts will be recognised by the preceding general 
description, and the following references : — 



The steam cylinders . . ... 

The steam pistons 

The piston-rods 

The connecting-rods 

The cranks driven by them which in this case are j 

constructed on the axle of the driving-wheels j 

The driving-wheels 



The supporting- wheels 

The passages to allow the entrance and escape of 
the steam to and from the cylinder . . . 

The case containing the slide by which these 
passages are opened and closed . 

Two pair of eccentrics by which the slides are 
moved, one governing the steam so as to 
move the engine forward, and the other so as 
to move it backward 

The rods by which these eccentrics act upon those 
of the slides ... ... 

The handle or lever by which the engine driver 
throws one or other pair of eccentrics into 
connexion with the slides . . . . 

The steam -chest, where dry steam free from mixture 
with aqueous spray is received from the boiler 

The steam-pipe leading from this chest by which 
steam flows to the slides and to the cylinder 

The blast-pipe, by which steam, after entering the 
piston, is discharged in puffs up the smoke- 
funnel 

The fire-box containing the burning coke . . . 

The hollow metal casing surrounding it secured 
by bolts and nuts, and filled with water . . 

The grate bars forming the bottom of the fire-box 

The fire door through which coke is put in from 
time to time to feed the furnace . 

The tubes traversing the boiler longitudinally 
through which the hot gases of combustion 
and smoke pass from the fire-box to the 
smoke-box . . . . ... 

The smoke-box at the base of the funnel, receiving 
the heated air from the tubes 

The smoke-funnel over the smoke-box and blast- 



pipe 



The regulator, by which more or less steam is i 
allowed to pass along the steam-pipe, and by i 
closing which the steam is altogether cut off ■ 
from the cylinder 

The stage upon which the engine driver and stoker 
stand 



Number of 
diagram. 


Letters of 
reference. 
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7,8 

7,8 


H 
X 
Y 
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Tit water gauge, being a glass tube commnni- \ 
mating above and below with the interior of r 
the toiler, in which the water stands at the I 
same level as in the boiler • • ) 

'sa^ge-cocks, which serve a like purpose, onei 
toeing below and the other above the proper I 
level of the water. If the water be below I 
the proper level, steam would issue from the 
lower, and if above it, water would issue 
from the upper cock 

The feed-pump, being a force-pump worked by 
the engine, by which water is forced into the 
boiler from time to time to replace that which 
is evaporated _ 

The feed-pipe, leading from the feed-cistern on 
the tender to the feed-pump 

The levers by which the engine driver governs the 
feed. These open or close the feed-pipe accord- 
ing as they are turned one way or the other. 
When the engine driver sees the level fall too 
low in the water gauge or by the gauge-cocks, 
he opens the feed-pipe by these cocks and 
puts on the feed, and when it has risen to 
the proper point he closes them. There are 
usually two feed-pumps, with their appen- 
dages 

The smoke-box door, opening on hinges at the top 
by which that part of the engine may be 
cleaned 

The buffers, being circular cushions fixed upon the 
on'ls of strong iron rods, which re-act against 
a spiral springs, to break the force in case of 
collision 

The heads of the cylinders, which are secured by 
bolts and nuts, and can be taken off for the 
purposo of cleansing the ash-pit 

The feuding cintorn on the tender 

The food-pipo proceeding from it . 

The coupling of the parts of the feed-pipe attached 
to the engine and the tender 

The coupling bar of the tender and engine 

The coupling chain of tender and train 

The buffers of the tender .... 

The lids of the feed-cistern 

The handle of the brake upon the tender 

The space for coke 



Kamber of j letters of 
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11 
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CHAPTER XL 

Speed, — 24. Locomotive stock, —25. What record of tne performance 
and condition uf an engine should be kept,- — £6, Cause of renewals of 
English locomotives. — 27. Average mileage of engines. — 26. Loeomo- 
tivfl requires rest,— 29, Expense of cleaning and lighting, —30. Reserve 
engines, — 31. Bank engines. —3 2. Time they arc kept standing.— 
33. Economy of fceL— 34, Register of consumption. — $5. Small 
amount of useful service obtained. — 36. On Belgian lines, — 37. On 
other Ccntiueiital lines. — -38. On Loudon and North Western line. — 
39. Comparisons between lines not fairly instituted. — 40. Legitimate 
test of comparison, — 41. Amount of locomotive stock required, — 42. 
Gross receipts of European Railways in 1850* — 43. Mileage of the 
same. — 44. Great increase since. — 45. Enormous consumption of 
. coal. — 46. Mileage of passengers and goods. 

23, When the extraordinary speed sometimes imparted to the 
loads drawn by locomotive engines on the En^lisk to^^'*. Ss* 
considered, it will not be uaiatereBtaiig to er^Kav-vftsa^ Q^fcxttSasssa 
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the machinery of the engine must perform in order to accomplish 
such effects. 
Let us take the example, not uncommon, of a train of coaches 



Fig, 10. 

Y7 




Lr* L^.-~ 1 



carried upon a railway, at a rate of sixty miles per hour. Assum- 
ing, as in a former example, that the circumference of the driving 
wheel measures 26j^ feet, these wheels, as already explained, will 
revolve one hundred times in passing over half a mile, and there- 
in? 
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lore two Hundred times in passing oyer a mile. The speed of sixty 
miles an hour is that of a mile per minute. The driving wheels 
will, therefore, revolve two hundred times per minute* But it 

Fig. u. 




has been already explained that to produce one revolution of the 
wheels each piston is moved once backwards and forwards vc^^s^ 
cylinder, and eaoh cylinder must be tm<& ioSift^^nfisi ^eos^tes^ 

* 2 
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24. When the magnitude of the capital invested in the locomo- 
tive stock of a railway, and the large proportion of the annual 
revenue absorbed in maintaining it are considered, its economical 
importance may be readily estimated. 

The locomotive stock may be primarily resolved into two classes — 
that which is employed in working the passenger traffic, and that 
which is employed in drawing the goods trains. 



i 




The passenger engines are so constructed as to draw light loads 
at great speed, the goods engines heavy loads at a low speed. In 
the one, the driving-wheels are large, so as to carry the train 
forward through a great space by eaoh stroke of the piston ; in the 
ether, they are of more limited magnitude, in order to give the 
moving power a greater leverage upon the load. In the one, they 
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are single, rendering the engine light, so as to absorb less of the 
moving power in propelling itself ; in the other, they are double 
and coupled, and sometimes even tripled, so as to give a greater 
purchase to the impelling power. In the one class of engine 
steam of small density is consumed rapidly and in great volume ; in. 
the other, steam of greater density is consumed at a slower rate* 

These different mechanical requirements render it necessary, in 
general, to provide a locomotive stock for the goods service, separate 
from, and independent of, that provided for the passenger service* 

25. In the locomotive department a register should be kept con- 
taining a record of the past and current performances and condi- 
tion of every engine in the service of the railway. Such a record 
should contain the following particulars of the past services of each 
engine : — 

1st. The day and year it was put upon the road. 

2nd. Its maker. 

3rd. The diameter and stroke of its cylinders. 

4th. The diameter and number of its driving-wheels. 

5th. The number of times it was cleaned, lighted, and had, 
steam raised. 

6th. The number of hours it was standing with steam raised. 

7th. Its total mileage, from the commencement of its service to 
the current date. 

8th. The total quantity of fuel it had consumed. 

9th. Original cost of engine. 

10th. Total sum expended on its repairs. 

And, with respect to its current service during the past year, 
the following details should be given : — 

1st. The number of times it was lighted, and had steam raised. 

2nd. The number of hours it stood with steam raised. 

3rd. Its mileage by months, and its total mileage. 

4th. The quantity of fuel consumed in lighting and raising 
steam. 

5th. The quantity of fuel consumed in standing. 

6th. The quantity of fuel consumed in working. 

7th. A memorandum of any accident, or other notable circum-* 
stance, attending the performance of the engine. 

Such a record as the above is neither impracticable nor unim- 
portant. A register of this kind is kept by the administration of. 
the Belgian railways, and the principal results of it are published 
annually, in a tabulated form, in the " Compte Rendu," or official 
report of the service of the railways, delivered to the Chambers 
by the Minister of Public "Works every session* Such a table ex- 
hibits a " coup d'oeil " of the condition and the past history, of th& 
entire locomotive stock. 



THE LOCOMOTIVE. 

26. In the progress of the English railways, locomotives have 
been, from time to time, cast aside, and put, as it were, upon the 
retired list ; but this has often arisen, not from the circumstance 
of their being superannuated, but because the conditions of the 
traffic had undergone such a change that the natural powers of 
these engines were not suited to it. Immediately after the com- 
mencement of the operation of the railway system, the traffic aug- 
mented so rapidly as to exceed all the previsions of those who 
constructed and organised the first railways. The weight and 
strength of the rails were successively increased, as well as the 
weight and magnitude of the trains, and the weight and power of 
the engines underwent a corresponding augmentation. 

A regularly kept journal of the life of some of the oldest loco- 
motives working on the English railways would be a record- of 
profound interest. Whether such a register exists, I am not 
aware ; but none such has, I believe, ever been published. 

27. From a comparison of the total mileage of each class of the 
locomotive stock with the number of engines in service, the average 
mileage of each engine can be ascertained. 

As an example of such a calculation, let us take the Belgian 
railways for 1847. 

• The total number of engines in active service was 154, and their 
total mileage was 2,366885; this divided by 154 gives 15369 as 
the average annual mileage of each engine, the average daily 
mileage being therefore 42 miles. 

28. It maybe asked, whether a locomotive engine, once lighted, 
may not be worked almost indefinitely ? 

It is known that many steam-engines used in the manufactures 
and in mining are kept for several months together in unceasing 
action night and day ; and the engines used in steam-ships are 
often kept in incessant operation throughout a voyage of 3000 
miles. Why therefore, it may be demanded, may not a locomo- 
tive engine be worked for a much longer distance without inter- 
ruption, and thus distribute the expense of lighting and cleaning 
over a greater extent of mileage, and thereby diminish the cost 
per mile? 

Although the mileage of the engine might be augmented much 
beyond its present amount, it is nevertheless indispensable that it 
should not exceed a certain practical limit. The locomotive engine, 
an iron horse, requires intervals of repose as much as do the hones 
of flesh, blood, and bones. It becomes fatigued, so to speak, with 
its work, and its joints become relaxed by labour, its bolts loosened, 
its rubbing surfaces heated, and often unequally expanded and 
strained. Its grate-bars and fire-box become choked with clinkers, 
its tubes become charged with coke; and were its labour continued 
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to a certain point, it would end in a total inability to move. The 
durability of the engine, therefore, requires that its work should 
be suspended before these causes of disability operate to an inju- 
rious extent. 

When its labour ceases, the engine-cleaners, who are, as it were, 
its grooms, clean out its fireplace, scrape its grate-bars and the 
internal surface of the fire-box, clean out its tubes, tighten all its 
bolts and rivets, oil and grease all its moving parts, and, in a 
word, put it again into working order. 

29. The expense of cleaning an engine, and the cost of the fuel 
consumed in lighting it and raising the steam, .so as to prepare it 
for propulsion, must necessarily be charged upon the mileage 
which it performs ; and the cost of this mileage will therefore be 
augmented in the inverse proportion of the ratio of the total 
mileage of the engine to the number of times it has been cleaned 
and lighted during the period of its service. It is therefore im- 
portant, in the economy of the locomotive power, to ascertain with 
precision the proportion which the mileage of the engines bears to 
the number of times they have been cleaned and lighted. 

Hence appears the importance of the record above mentioned, 
of the number of times each engine has been lighted and cleaned. 

To determine the average number of miles run by each engine 
after such cleaning and lighting, it is only necessary to divide the 
total mileage of the locomotive stock, or of eaoh class of it, by the 
total number of engines lighted ; the quotient will give the distance 
run by each engine lighted. 

In the practical working of the locomotive stock, it inevitably 
happens that engines, after they have been lighted, had their 
steam raised and prepared for starting, have to stand, keeping 
their steam up more or less time, waiting for trains which they arc 
to draw ; and thus an expense is incurred, not directly productive, 
for fuel and wages. 

30. But, besides this, the service of the road requires that, at 
certain stations, engines shall be kept waiting with their steam up 
ready for work, for the mere purpose of providing for the contin- 
gencies of the active service of the road. Thus, if an accident 
occur to a train, by which the engine that draws it is disabled, 
notice is sent forward by the electric telegraph, by signals or other- 
wise, to the next engine station, summoning an engine to proceed 
to the spot to take on the train. If an engine were not prepared 
for such a contingency, with its steam up, the road would be ob- 
structed for a considerable length of time by the train thus acci- 
dentally brought to a stand. 

The engines thus kept prepared for accidents are called Reserve 
Engines. 
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31. Another cause which renders it necessary at certain points 
of the line to keep engines waiting with their steam up, is the 
existence of exceptional gradients. 

Thus, if a railway he generally laid out with gradients of about 
15 feet a mile, but at a particular point a natural elevation of the 
ground, or other cause, renders the construction of a gradient 
rising at the rate of 60 feet a mile necessary, then the engines 
which are adapted to the general character of the line become in- 
sufficient for such exceptional gradient ; and, in such case, the 
expedient resorted to is to keep one or more powerful engines con- 
stantly waiting with their steam up at the foot of the incline, for 
the purpose of aiding in propelling the trains in their ascent. 

These engines are denominated Assistant Engines or Bank 
Engines. Their mode of operation is as follows* They wait near 
the foot of the incline in a siding provided for the purpose ; and 
when a train arrives and begins to ascend, the assistant engine 
follows it, and, pushing from behind, aids the regular engine in 
front in propelling it up the planet When it arrives at the summit, 
the assistant engine drops off, and, descending the plane, returns 
to its station. 

32. It appeared from calculations, based on the preceding 
principles, which I made some years since, that on the Belgian 
lines the average distance run by each engine lighted was 78 
miles, and on some of the French lines 76 miles. It also appeared 
that each engine lighted was kept seven and a half hours standing 
with steam up, including, of course, the reserve engines. Thus, 
it follows, that for every ten miles over which an engine works, 
it is kept an hour standing. 

33. The fuel consumed in working a railway may be classed 
under three heads : — 

1st. That which is consumed in lighting the engines and raising 
their steam, to prepare them for work. 

2nd. That which is consumed while the engines stand with 
their steam up, waiting for the trains they are intended to draw, 
or standing in reserve, prepared for the contingency of accidents 
on the line. 

3rd. That which is consumed in drawing the trains. 

When the engine has stopped work, its fire-box is cleared, pre- 
paratory to the engine being cleaned. A certain portion of coke, 
more or less, according to the state of the fire-box at the moment 
the engine is stopped, is collected in this way half consumed. 
This coke is to a certain extent available to aid in lighting the 
engine when next started. The small coke which has been 
rejected as unfit for the working engine is mixed, in a greater or 
less proportion, by the engineer with the large coke used for 
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raising the steam, for in this process the draft is not so strong as 
to carry this small coke injuriously through the tubes. The small 
coke is also used, mixed in a certain proportion with the large 
coke, for keeping the steam up in the reserve engines. 

The quantity of coke consumed in drawing a train will depend 
upon the magnitude and weight of the train, and the speed with 
which it is moved. The greater the resistance which it has to 
overcome, the greater will be the consumption of fuel in a given 
distance. The resistance increases in a high ratio with the 
speed. Now as the speed of passenger trains is usually greater 
than that of goods trains, the consumption of fuel, so far as it is 
affected by the speed, will be greater in the former than in the 
latter ; but, on the other hand, goods trains consisting of a much 
greater number of vehicles and of a greater gross weight than pas- 
senger trains, the resistance due to the load is greater in the latter 
case than in the former. 

On the Belgian railways the economy of fuel is very strictly 
attended to. Rules are established by which a certain weight of 
coke is allowed to the engineer for the different purposes. 

For lighting and raising the steam, 280 kilogrammes, equal to 

618 lbs., of coke are allowed. 
For each passenger coach drawn, f of a kilogramme per kilometre, 

equal to 2*64 lbs. per mile, are allowed. 
For each loaded goods waggon, § of a kilogramme per kilometre, 

equal to 2*35 lbs. per mile, are allowed. 
Two empty waggons are accounted as equal to a loaded one, and 

24 kilogrammes per kilometre, equal to 8*82 lbs. per mile, 

are allowed for an engine without a load. 
Ten kilogrammes, equal to 22 lbs., per hour are allowed for 

keeping up the steam while an engine is standing. 

These quantities are, however, understood to be average major 
limits which ought not to be exceeded. To stimulate the engi- 
neers and their superintendents to the observance of a due economy 
of fuel, premiums are awarded, in proportion to the extent of the 
saving effected upon these allowances ; 5s. 6d. a ton is allowed to 
the engineer for every ton of coke by which his actual consump- 
tion falls short of these limits, and a further premium of one- 
fourth of this amount is allowed to the superintendents of the 
locomotive department. 

34. In the locomotive department, a register should be kept of 
the fuel consumed, distinguishing such consumption under the 
three heads of standing, lighting, and working, together with 
which should be noted the hours standing, the engines lighted, 
and the mileage worked. There is nothing impracticable or 
difficult in the maintenance of such a register in every well- 
organised establishment, and such a one is te^alisxYs V«^» ^ *$&** 
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administration of the Belgian railways. It appears from these 
records, that the following was the fuel consumed for these pur* 
poses respectively on the Belgian railways during the years 
1846 and 1847:— 



Number of hours standing 

Number of lbs. of coke consumed in standing 

Average number of lbs. consumed per hour . 

Number of engines lighted 

Total number of lbs. consumed in lighting . 

Average number of lbs. consumed per engine 

lighted 

Total mileage worked .... 
Total number of lbs. of coke consumed in 

working 

Average number of lbs. consumed per mile 

worked 

Average consumption per mile, including coke 

consumed in lighting and standing . 



1846. 


1847. 


204124 
4,503077 


214610 
5,3o6573 


22'0 
27452 
16,828505 


247 
30676 
18,605263 


6l3*0 


606*5 


2,027014 


2,366885 


60,698538 


71,500965 


30*0 


30*0 


40-5 


40-3 



It may then be stated in round numbers, that 600 lbs. of fuel 
are consumed in lighting an engine, and raising the steam, and 
that every engine lighted travels, on an average, as worked upon 
the Belgian lines, 70 miles. 

The fuel consumed in lighting adds, therefore, 8| lbs. per mile 
to the working consumption, which latter being 30 lbs., the pro- 
portion consumed in lighting is 28 per cent. The fuel consumed 
in standing with steam up, either as an engine of reserve or other- 
wise, adds 1| per cent, more to the working consumption per 
mile, the total amount of which may be taken in round numbers 
at 40 lbs., as these railways are worked. 

35. One of the most striking results of the calculations which I 
have made of the performance of locomotive engines as well in 
England as on the continent, is the small amount of useful service 
obtained from them. 

36. It appears that in each run an engine, on the Belgian lines, at 
the most improved epoch of the service yet reported, did not quite 
average 78 miles, and that even this was performed only four 
days in seven. Thus the average daily work of an engine would 
appear to be only 44 miles. 

But it also appears, that for 74 miles run the engine is kept, on 
an average, 7} hours standing. This being reduced to a daily 
average, leads to the conclusion, that the daily service of the 
engines consisted in 44 miles run and 4 hours standing with the 
steam up. 

But as the average speed on the Belgian railway is about 20 
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miles an hour, -the run of 44 miles would occupy more than 
two hours. 

The daily service of an engine, therefore, expressed in time, 
would he about 2 hours working and 4 waiting with steam up. 

37. These inferences are so striking, that we naturally turn else- 
where to inquire how far the results of other railways vary from 
or corroborate them. 

I accordingly made like calculations upon the statistical reports 
of most of the continental railways, and found that the average 
daily mileage of the engines is under 33 miles, being therefore 
inferior to the useful service of the Belgian engines. 

38. The data supplied by the English railways are so scanty, 
and in general so vague, as to afford no adequate means of general 
comparison with the results above given. In the case of the Lon- 
don and North- Western lines however, a more detailed account 
was published, which, [considering the great extent and traffic of 
that system of railways, is entitled to much attention. 

The traffic of these lines was worked, during the twelve months 
ending June 30, 1849, by 457 locomotive engines, the total 
mileage of which was as follows : — 

Mileage. 
Passenger engines .... 4,649556 
Goods engines 2,882674 

Total . 7,532230 

Hence the average daily run of each engine was 45 miles. 

These results, obtained from services so various and numerous, 
leave no doubt that the average daily service of each locomotive 
engine is much less than would have been expected. If the 
average speed on the North- Western lines be taken at 28 miles 
an hour, we shall obtain the singular and somewhat unexpected 
conclusion, that the engines, taken one with another, are each 
worked with traffic little more than one hour and a half a day. 

By a return which I obtained from the North- Western Com- 
pany, I found that, in the twelve months ending June 30, 1849, 
they had in active employment an average number of 275 engine- 
drivers, and an equal number of firemen. Now it has already 
been stated, that during the same period the number of engines 
employed was 457 ; there were thus 10 engine drivers and fire- 
men for every 16 engines. 

By dividing the total annual mileage of the engines by the total 
number of engine-drivers and firemen employed, we shall find the 
total annual distance driven by each ; and dividing this by 365, 
we shall obtain the average daily work of each engine-driver and 
fireman, expressed in distance. This distant ^ssS&s&.Vj *^ 
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average speed in miles per hour, will give the daily work on the 
road in time. The following are the details of this for the lines 
worked by the North-Western Company : — 

Total mileage of engines ...» 7,532230 
Number of engine drivers and firemen . • 275 

Annual distance worked per head ' , . 27890 miles 

Daily distance worked per head . . . 75 ,, 

Time daily on the road (at the average speed 

- of 28 miles per hour) . . . , 2 J hours 

If it be assumed that the engines, one with another, work on 
alternate days, the actual distance run in each trip by each 
engine on the system of lines worked by the North- Western Com- 
pany will be 90 miles ; which in time, at 28 miles an hour, would 
be 3-^ hours. 

It appears, therefore, that the locomotive power is worked to 
greater advantage on these than on the continental lines generally. 
We have seen that the average distance run by each engine lighted 
on the Belgian lines was about 78 miles. 

39. It has been customary, in some of the reports presented to 
the railway companies, to institute comparisons between one line 
of railway and another, founded upon the relation between the 
locomotive stock and the length of the line. 

Now such a mode of comparison can afford no legitimate conse- 
quence of the least importance, either in a financial or mechanical 
point of view. The quantity of locomotive power does not in any 
manner depend on the length of the railway. The locomotive 
power is used to draw the traffic, and for no other purpose. Its 
quantity, therefore, will depend on the quantity of the traffic, 
and the average distance to which it is carried, or, in other words, 
on the mileage of the godds and passengers. 

Two railways having the same traffic mileage will require the 
same locomotive stock, be their length equal or unequal. If a 
million of tons of goods require to be annually transported an 
average distance of 500 miles, and ten millions of passengers 
also require to be annually transported 300 miles, it is manifest, 
that the same looomotive power will be requisite to execute the 
traffic, whether the railway on which it is carried be 400 miles or 
800 miles in length. 

If the object be to compare the merits of the management of 
the looomotive power, then the test of comparison should be the 
quantity of work executed by a given quantity of this power ; and 
the quantity of work must be decided by the useful mileage of 
the engines, and not by the length of the line. 

Nevertheless, we find railway authorities in high repute 
announcing, that to stock a line requires so many engines per 
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mile. To such a statement there can be no objection, provided 
it be made with the understanding that it applies to railways 
only which have a certain understood amount of average traffic. 

But it is clear that, with every variation of the traffic upon the 
proposed railway, there must be a corresponding and proportional 
variation in the necessary amount of locomotive stock. 

40. A legitimate mode of comparing the merits of the manage- 
ment of the locomotive department will be found in the estimate 
of the average daily mileage of the engines. 

It is evident, that if we find on one railway — for example, the 
North-Western, — the engines performing a daily mileage of 45 
miles, while on another — the North of France, we find them per- 
forming a daily service under 30 miles, that the locomotive stock 
in the one case was more profitably managed than the other in 
the ratio of 2 to 3, it being understood that other things are similar. 
But even in this comparison it would be necessary that the length 
and weight of the trains should be taken into account ; for if it 
prove that the weight of the train drawn 30 miles is greater than 
the weight of the train drawn 45 miles in the proportion of 3 to 
2, then the useful labour of the engines will, after all, be the 
same. In short, the test, and the only test, of the useful effect of 
the locomotive power is the actual mileage (including in that term 
the quantity) of the traffic which it executes in a given time. 

41. The conditions which determine the amount of the loco- 
motive stock necessary to work any given railway form a very 
important subject of inquiry in railway economy; but it is a subject 
upon which we as yet possess but scanty and unsatisfactory data. 
As has been already stated, railway authorities have, with more 
rashness than skill, given a sort of rough estimate of it at so much 
per mile. This must, however, be regarded as utterly unworthy 
of attention, for the very intelligible reasons already explained. 

The amount of locomotive stock depends exclusively on the 
mileage of the traffic. The question is thus reduced to the determi- 
nation of the number of engines necessary to work a given mileage. 

If we assume the results of the working of the North-Western 
lines as a general modulus, it would follow, that to find the 
quantity of stock necessary for working a given daily mileage, 
it will be sufficient to divide this mileage by 45 ; the quotient 
will express the requisite number of locomotive engines. 

42. From calculations based upon authentic statistical returns 
which were published in a series of articles, written by me for the 
"Times," in 1851, it appeared, that in the year 1850, the gross 
receipts of all the European railways then in operation, amounted 
to 23,309000/., of which 12,755000/., or about the bdl* ^*> 
collected on the railways of the Uxdte&T&i^fom* 
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Of tiiis flnomit about 00 per cent has bee 
tonal Locomotion, and 40 per cent on the transport of goods of 
every denomination. 

43. The morement of the l o com otiic < 
traffic has been as follows : — 

United Kingdom 40,162000 

Germanic States 23,572000 

fiance 10,041000 

Belgium 4,540000 

Total distance travelled by locomoti v e enginei 

in 1850 78,815000 

44. Since the date of these calculations, the amount of rail w as 
locomotion, as well in the United Kingdom as throughout 
Europe generally, has undergone a great increase. Thus, in the 
half year ending 30th June, 1852, the gross receipts of the rail- 
ways in the United Kingdom amounted to 7,195561/. 

The mileage, or aggregate distance travelled by the locomotive 
engine, has increased in a proportion still greater than the in- 
crease of the gross receipts. Thus, while in 1850, the total 
annual mileage of the engines on the railways of the United 
Kingdom was about forty millions, in the first six months of 1852' 
it was twenty-eight and a half millions, being at the rate of 
fifty-seven millions in the year. 

It may now (1854) be assumed that the aggregate annual 
mileage of the locomotive engines on all the European railways is 
not less than an hundred and twenty millions of miles ! 

45. In the performance of this work, the total quantity of coal 
consumed is two millions and three quarters of tons. 

46. This movement is shared between passengers and goods as 
follows : — 

Distance travelled by passenger trains . . 72,000000 
„ „ goods „ . . . 48,000000 

Since each passenger train transported on an average 70 pas- 
sengers, and each goods train 60 tons, it follows that the total loco- 
motion of persons within the year was equivalent to 5040,000000 
persons carried one mile, and the transport of goods to 
2880,000000 tons transported one mile. 

The number of locomotive engines employed in executing this 
movement was about 7500, of which 3700 were employed on the 
British railways, and about 5000 were constructed in England. 
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CHAPTER I- 

Inventors of steam navigation uneducated. — 2. First steamers on the 
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engineers* — 4, Progress of steam navigation from 1812 to 1837* — 
5. Atlantic steamers projected. — 6. Abstract possibility of the 
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27 th August, shoving the falsehood of the report that he pronounced 
the project impracticable. — 11, Atlantic steam voyage advocated by 
Dr, Lardner in 1336-7, — 12, The practical results of tbe various 
projects prove the truth of his predictions. — 13. Tho Cunard 
steamers, established on the conditions suggested by him, were alone 
successful, — 14. Voyages of these steamers. — 15. Other lines 
establish ed.— 16, Probable extension of steam navigation to the 
general purposes of commerce. — 17, Auxiliary steam-power the most 
probable means of accomplishing this. —18, Advantages of subaqueous 
propulsion. — 19. Means of realising them. — 20, Improved adaptation 
of steam-power to vessels of war required, ~- — 21. Mercantile steam- 
marine available for national defence. — 22, Principle of marine - 
engine, — 23, Propellers. — 2 i f Paddle-wheels and screws. — 25, 
Arrangement of paddle- wheels, — 26, Paddle-shaft, — 27, General 
arrangement of marine -engine. 
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STEAM NAVIGATION. 

1. If the spirits of Watt, Trevithick, and Fulton can look down 
»n the things of this nether world, and behold the grand results 
their discoveries and inventions have produced, what triumph 
must be theirs ! For half a century the steam-engine had re- 
mained a barren fact in the archives of science, when the self- 
taught genius of the Glasgow mechanic breathed into it the spirit 
of vitality, and conferred upon it energies by which it revived the 
drooping commerce of his country, and, when the auspicious 
epoch of general peace arrived, diffused ita beneficial influence to 
the very skirts of civilisation. Scarcely had the fruit of the 
labour of Watt ripened, and this great mover been adopted as 
the principal power in the arts and manufactures, than its uses 
received that prodigious extension which resulted from its acquir- 
ing the locomotive character. As it had previously displaced 
animal power in the hill, and usurped its nomenclature, so it 
now menaced its displacement on the boad. A few years more 
witnessed perhaps the greatest and most important of all the 
manifold agencies of steam — that by which it has given wings to* 
the ship, and bade it laugh to scorn the opposing elements, trans* 
porting it in triumph over the expanse of the trackless ocean, 
regardless of wind or current, and conferring upon locomotion 
over the deep a regularity, certainty, and precision, surpassed by 
nothing save the movement of chronometers or the course of the 
heavenly bodies. Such are the vast results which have sprung 
from the intelligence of men, none of whom shared those privi- 
leges of mental culture enjoyed by the favoured sons of wealth r 
none of whom grew up within the walls of schools or colleges, 
drawing inspiration from the fountains of ancient learning ; none 
of whom were spurred on by those irresistible incentives to genius 
arising from the competition of ardent and youthful minds, and 
from the prospect of scholastic honours and professional advance* 
ment. Sustained by that innate consciousness of power, stimu- 
lated by that irrepressible force of will, so eminently characteristic 
of, and inseparable from, minds of the first order, they, in 
their humble and obscure positions persevered against adverse and 
embarrassing circumstances, impelled by the faith that was in 
them, against the doubts, the opposition, and, not unfrequently, 
the ridicule of an incredulous world, until at length, by time and 
patience, truth was triumphant, and mankind now gathers the 
rich harvest sown by these illustrious labourers. 

2. It was about the eighth year of the present century that 
Fulton launched the first steamboat on the Hudson. After the- 
lapse of four years the first European steamboat was established! 
on the Clyde. From that time the art of steam-navigation, in 
the two great maritime and commercial nations, advanoed with a 
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steady and rapid progress. But it took different directions, 
governed by the peculiar geographical and commercial circum- 
stances attending these countries. The genius and enterprise of 
the United States saw before and around it a vast territory, inter- 
sected by navigable rivers of unequalled length, forming lines of 
water communication on a colossal scale between its extensive 
interior and the sea-board. The Mississippi and its tributaries, 
with their sources, lost in distant tracts as yet untrodden by 
civilised man, and navigable by large vessels for many thousands 
of miles, — the Hudson, all but touching upon those magnificent 
inland seas that stretch along the northern boundary, and are 
almost connected with the Mississippi by the noble stream of the 
Illinois, — the Delaware, the vast Potomac, and, in fine, a coast 
thousands of miles in extent, fringed by innumerable bays and 
harbours, and land-locked basins having all the attributes of 
lakes, — these addressed themselves to the eye of the engineer and 
the capitalist, and determined the direction of enterprise. The 
application of steam power to inland navigation — the construc- 
tion of vessels suited to traverse with speed, safety, and economy, 
rivers and lakes, harbours, bays, and extensive inlets — this was 
the task and the vocation of the American engineer, and this the 
interest of the capitalist and the merchant.* 

3. The problem of steam-navigation, however, presented itself 
to the British engineer under other conditions. In a group of 
islands intersected by no considerable navigable rivers, and 
neither requiring nor admitting any inland navigation save that 
of artificial canals, — separated, however, from each other and 
from the adjacent continent of Europe by straits, channels, gulfs, 
and other arms of the sea, — it was apparent that if steam power 
should become available at all, it must be adapted to the naviga- 
tion of these seas and channels— it must be adapted to accelerate 
and cheapen the intercourse between the British islands, between 
port and port upon their coasts, between them and the various 
ports on the adjacent coast of Europe, and finally to establish a 
communication with the Mediterranean and the coasts of Africa, 
Asia, and Europe, whioh are washed by it. While the American, 
therefore, was called on to contrive a steam-vessel adapted to 
inland and smooth-water navigation, the British engineer had the 
more difiioult task, to construct one whioh should be capable of 
meeting and surmounting all the obstructions arising from the 
vicissitudes of the deep. 

The result of the labour and enterprise of the English nation, 
directed to this inquiry, has been the present sea-going steam-ship. 

* For a more developed notice of American Steam Navigation* <k& 
Kail way Economy, chap, xri., and Museum, vol. ft. "fc.YU 
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4. In the quarter of a century which elapsed between J 81 2 
and 1837 steam-navigation made a steady and continuous, but not 
a sudden progress. The first lines' of steamers were established 
naturally between the ports of England and the nearest sea-ports 
of Ireland on the one side, and France on the other. The length 
of each unbroken passage was then regarded as the great difficulty 
of the project. Thus steamers were established between Holyhead 
and Dublin, and between Dover and Calais, long before projectors 
ventured to try them between Dublin and Liverpool, or between 
London and the Low Countries. 

After some years' experience, however, and the consequent 
improvement of the marine engine, passages of greater length 
were attempted with success. Lines of steamers were established 
first between more distant parts of the United Kingdom ; as, for 
example, between London and Edinburgh, and between Dublin, 
Liverpool, and Glasgow. At a later period still longer trips 
became practicable, and lines of steamers were established between 
the United Kingdom and the Mediterranean ; touching, however, 
for fuel at the peninsular ports, such as Corunna, Lisbon, and 
Gibraltar. 

During this period, also, a fleet of steamers was constructed by 
government for post-office purposes, and a steam navy was gra- 
dually created, among which were found ships of large tonnage 
and considerable power. 

5. At length, in the year 1836, a project, then considered as a 
startling one, was first announced, to supersede the far-famed New 
York and Liverpool packet-ships, by a magnificent establishment 

Of STEAM-SHIPS. 

These vessels were to sustain a constant, regular, and rapid 
communication between the New and Old World. They were to 
be the great channel for commerce, intelligence, and social inter- 
course, between the metropolis of the West and the vast marts of 
the United Kingdom ; they were, in a word, to fulfil, not only all 
the functions which for half a century had been so admirably dis- 
charged by the packet-ships, but to do so with expedition increased 
in a threefold proportion at the least. Such an announcement 
could not fail to captivate the public. The results to be anti- 
cipated were so obvious, so grand, and must be attended with 
effects so widely spread, that all persons of every civilised nation 
at once felt and acknowledged their importance. The announce- 
ment of the project was accordingly hailed with one general shout 
of acclamation. 

Some, who, being conversant with the actual condition of the 
art of steam-engineering as applied to navigation, and aware of 
various commercial conditions which must affeot the problem, and 
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were enabled to estimate calmly and dispassionately the difficulties 
and drawbacks, as well as the advantages, of the undertaking, 
entertained doubts which clouded the brightness of their hopes, 
and warned the commercial word against the indulgence of too 
sanguine anticipations, of the immediate and unqualified realisa- 
tion of the project. They counselled caution and reserve against 
an improvident investment of extensive capital, in schemes which 
could still be only regarded as experimental, and which might 
prove its grave. But the voice of remonstrance was drowned 
amid the enthusiasm excited, by the promise of an immediate 
practical realisation of a scheme so grand. The keel of the Great 
Western was laid ; an assurance was given that the seasons would 
not twice run through their changes, before she would be followed 
by a splendid line of vessels, which should consign the packet- 
ships to the care of the historian as " things that were." 

6. It cannot be seriously imagined, that any one who had been 
conversant with the past history of steam-navigation, could 
entertain the least doubt of the abstract practicability of a steam- 
vessel making the voyage between Bristol and New York. 

A vessel having as her eargo a couple of hundred tons of coals 
would, cesteris paribus, be as capable of crossing the Atlantic as a 
vessel transporting the same weight of any other cargo. A 
steam- vessel of the usual .form and construction would, it is true, 
labour under comparative disadvantages, owing to obstructions 
presented by her paddle-wheels and paddle-boxes; but still it 
would have been preposterous to suppose that these impediments 
could have rendered her passage to New York impracticable. 

7. But, independently of these considerations, it was a well- 
known fact, that, long antecedent to the epoch now adverted to, 
the Atlantic had actually been crossed by the steamers Savannah 
and Curacoa. Nevertheless a statement was not only widely 
circulated, but generally credited, that I had publicly asserted 
that a steam voyage across the Atlantic was " a physical impos- 
sibility!" 

Although this erroneous statement has been again and again 
publicly contradicted through various organs of the press, it con- 
tinues nevertheless to be repeated. I shall therefore take this 
opportunity once more to put on record, what I really did state on 
the occasion, on which I am reported to have affirmed that the 
Atlantic steam voyage was a physical impossibility. 

8. Projects had been started in the year 1836 by two different 
and opposing interests, one advocating the establishment of a line 
of steamers to ply between the west coast of Ireland and Boston, 
touching at Halifax ; and the other a direct line, making an un- 
interrupted trip between Bristol and New York. In tfea ^aat 
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1836, on the occasion of the meeting of the British Association in 
Dublin, I had advocated the former of these projects. 

9. On the occasion of the next meeting in 1837 at Bristol, I 
again urged its advantages, and by comparison discouraged the 
project of a direct line between Bristol and New York. When I 
say that I advocated one of these projects, it is needless to add 
that the popular rumour, that I had pronounced the Atlantic 
voyage impracticable, is utterly destitute of foundation* But I 
am enabled to offer more conclusive proofs than this, that, so far 
from asserting that the Atlantic voyage by steam was impossible, 
I distinctly affirmed the contrary. 

The Times newspaper sent a special reporter to attend the 
meeting at Bristol, and more particularly to transmit a report of 
the expected discussion on the Atlantic steam voyage, which at 
the moment excited much interest. 

10. The meeting took place on the 25th, and the report ap- 
peared in the Times of the 27th of August. From that report I 
extract the following ; — 

" Dr. Lardner said he would beg of any one, and more espe- 
cially of those who had a,direct interest in the inquiry, to dismiss 
from their minds all previously-formed judgments about it, and 
more especially upon this question, to be guarded against the con- 
clusions of mere theory, for if ever there was one point in practice 
of a commercial nature which, more than another, required to be 
founded on experience, it was this one of extending steam-naviga- 
tion to voyages of extraordinary length. He was aware that 
since the question had arisen, it had been stated that his own 
opinion was averse to it. This statement teas totally wrong, but 
he did feel that great caution should be used in the adoption of 
the means of carrying the project into effect. Almost all depended 
on the first attempt, for a failure would much retard the ultimata 
consummation of the project. 

" Mr. Scott Russell said that he had listened with great delight 
to the lucid and logical observations they had just heard. He 
would add one word, Let them try this experiment, with a view 
only to the enterprise itself, but on no account try any new boiler 
or other experiment, but to have a combination of the most 
approved plans that had yet been adopted. 

"After some observations from Messrs. Brunei, and Field, 
Dr. Lardner, in reply, said, that he considered the voyage prac- 
ticable, but he wished to point out that which would remove the 
possibility of a doubt, because if the first attempt failed it would 
east a damp upon the enterprise, and prevent a repetition of the 
attempt," 
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Such was the report of the Times of the speech in which I 
was afterwards, and have ever since been, represented as haying 
declared a steam voyage across the Atlantic a mechanical im- 
possibility I * 

11. What I did affirm and maintain in 1836-7 was, that the 
long sea voyages by steam which were contemplated, could not at 
that time be maintained with that regularity and certainty which 
are indispensable to commercial success, by any revenue which 
oould be expected from traffic alone, and that, without a govern- 
ment subsidy of a considerable amount, such lines of steamers, 
although they might be started, could not be permanently 
maintained. 

12. Now let us see what' has been the practical result. 

Eight steam-ships, including the Great Western, were, soon 
after the epoch of these debates, placed upon the projected line 
between England and jfTew York ; the Sirius, the Royal William, 
the Great Liverpool, |ae United States,t the British Queen, the 
President, the Great Western, and the Great Britain. 

The Sirius was almpst immediately withdrawn; the Royal 
William, after a couple <tf voyages, shared the same fate ; the 
Great Liverpool, in a single season, involved her proprietors in a 
loss of 6000/., and they were glad to remove her to the Mediter- 
ranean station. The proprietors of the British Queen, after 
sustaining a loss which is estimated at little less than 100000/., 
sold that ship to the Belgian government. The United States 
was soon transferred, like the Great Liverpool, to the Mediter- 
ranean trade. The President was lost. The Great Western, as 
is well known, after continuing for some time to make the voyage 
in the summer months, being laid by. during the winter, and after 
involving her proprietors in a loss of unknown and unacknow- 
ledged amount, was sold. Of the Great Britain, the fate is well 
known. 

Thus, it appears, in fine, that after the lapse of nearly fourteen 
years, notwithstanding the great improvements which took place 
in steam navigation, the project advanced at Bristol, and there 
pronounced by me to be commercially impracticable, signally failed. 

13. Meanwhile another project, based upon the conditions which 
I had indicated as essential to the permanence and success of the 
enterprise, was started. 

Mr. Samuel Cunard, a Canadian, who had extensive experience 

* Notices of this speech, substantially the same, appeared in the 
Edinburgh Review, the Monthly Chronicle, and other periodicals of that 
date. 

t This vessel was not actually placed on the line, but was prepared for 
it. She was afterwards called the Oriental 
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in maritime afairs, Mag associated with some large 
who had confidence in his sagacity and skill, laid 
Rritish government a project for a line of Post-office i 
pty between Liverpool and Boston, touching at TT«mw^ 
Hr. Canard insisted strongly on the necessity of prorating a 
eonaiderable fleet of steamers, to ensure that permanence ami 
regularity which were indispensable to the success of the pioject. 
He demonstrated that the magnitude of the capital it most involve, 
and the vast expenditure attending its maintenance, were aneh aa 
eonld not be covered by any commercial returns to be exp ec t ed 
from ft, and that, consequently, it could only be sustained by a 
liberal subsidy to be furnished by the government After much 
negotiation, it was agreed to grant him an annual subsidy of 
60000/,, upon which condition the enterprise was commenced. 
yir. Canard, however, had hardly embarked in it, before it became 
evident that this grant was insufficient, and it was soon increased 
to 100000/. per annum. Further experience proved that even 
this was insufficient to enable Cunard and his associates to 
maintain the communication in a satisfactory and efficient manner, 
and the annual subvention was in fine raised to its present amount, 
that Is to say, 145000/. sterling per annum. 

14. Thus supported, the communication was in 1851 main- 
tained throughout the year. During the four winter months, 
December, January, February, and March, there were two de- 
partures per month from each side, and during the eight other ' 
months of the year there was a departure once a week, making a 
total of forty- four departures from each side, or forty-four voyages 
going and returning. 

These voyages make a total distance sailed of 272800 geogra- 
phical miles within the year. The subsidy, therefore, amounts to 
ten shillings and eightpence per mile sailed. 

ftinoe the epoch here referred to, steam-navigation has, as is 
well known, undergone great improvements, and its powers have 
been proportionally extended. The arrangements of this and 
other lines of ocean navigation have accordingly undergone, and 
continue to undergo, modifications having the effect of increasing 
the frequency and extending the lengths of the trips. 

15. Boon after the Cunard line of steamers commenced opera- 
turns, it was proposed to establish, with government support, a 
transatlantic line of steamers communicating between Great 
Britain and its West India colonies. Ultimately the present 
West India Steam-Packet Company was established, and obtained 
from the government a subvention greater still in amount than 
had been granted to the Cunard Company. The amount of this 
annual grant was 240000/. 
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16. Great as the progress of steam-navigation has been within 
the last quarter of a century, much still remains to be accom- 
plished, before that vast agent of transport can be regarded as 
having been pushed to the limit of its powers. Its superior speed, 
regularity, and certainty, comparatively with sailing-vessels, have 
naturally first attracted to it passengers, despatches, and certain 
descriptions of merchandise to which expedition is important, and 
which can bear a high rate of freight. The mechanical conditions 
which ensure expedition in long voyages, exclude, to a great 
extent, the transport of general merchandise ; for a large part of 
the tonnage of the vessel is occupied by the machinery and fuel. 
The heavy expenses, therefore, of the construction and mainte- 
nance of these vessels, must be defrayed by appropriating the 
profitable tonnage to those objects of transport alone which will 
bring the highest rate of freight. While the steamer, therefore, 
has allured from the sailing-vessel the chief part of the passenger 
traffic, the mails altogether, parcels, and some few objects of 
general traffic, the latter still continues in undisturbed possession 
of the transport business of general commerce. 

The next step in the improvement of the art must therefore be 
directed to the construction of another class of steam-vessels, 
which shall bear to the present steam-ships the same relation 
which the goods-trains, on the railway, bear to the passenger- 
trains. As in the case of these goods-trains, expedition must be 
sacrificed to reduce the cost of transport to the limit which shall 
enable the merchandise to bear the freight. If the steamer for 
the general purposes of commerce can be made to exceed the 
sailing-vessel, in anything approaching to the ratio by which the 
goods-train on the railway exceeds the waggon or canal-boat, we 
shall soon see the ocean covered with such steamers, and the 
sailing-vessel will pass from the hands of the merchant to those 
of the historian. 

17. To render steamers capable of attaining these ends, it will 
be evidently advisable to adopt measures, to combine the qualities 
of a sailing-vessel with those of a steamer. The ships must 
possess such steaming power as may give them that increased 
expedition, regularity, and punctuality, which, in the existing 
state of the arts, can only be obtained through that agency ; but 
it is also important that they should accomplish this without 
robbing them, to any injurious extent, of their present capability 
of satisfying the wants of commerce. 

18. In an early edition of my treatise on the Steam-Engine, 
published long before screw steam- vessels had attained the state 
of perfection to which they have now arrived, I stated that no ex- 
pedient was more likely to accomplish this, than one whickw*^ 
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have for its object the removal of the paddle-wheels now generally 
used, and the substitution of some description of subaqueous pro- 
peller. A great reduction in the dimensions of the machinery, 
and the surrender to the uses of commerce of that invaluable space 
which it now occupies within the vessel, are also essential. It is 
incumbent on the engineer who assumes the high responsibility of 
the superintendence of such a project, to leave the ship in the full 
and unimpaired enjoyment of its functions as a sailing-vessel. 
Let him combine, in short, the agency of steam with the undi- 
minished nautical power of the ship. Let him celebrate the 
marriage of the steam-engine with the sailing-vesseL If he 
accomplish this with the skill and success of which the project is 
susceptible, he may fairly hope that his name will go down to 
posterity as a benefactor of mankind, united with those of Fulton 
and Watt. 

The actual progress of mechanical science encourages us to hope, 
that the day is fast approaching when such ideas will be realised 
— when we shall behold a great highway cut across the wide 
Atlantic, not as now, subserving to those limited ends, the 
attainment of which will bear a high expense, but answering all 
the vast and varied demands of general commerce. Ships which 
would serve the purposes we have here shadowed out, can never 
compete in mere speed with vessels in which cargo is nothing, 
expense disregarded, and expedition everything. Be it so. 
Leave to such vessels their proper functions ; let them still enjoy 
to some extent the monopoly of the most costly branches of 
traffic, subsidised as they are by the British treasury. Let the 
commercial steam-ships, securing equal regularity and punctu- 
ality, and probably more frequent despatch, be content with 
somewhat less expedition. This is consistent with all the analo- 
gies of commerce. 

There is another consideration which ought not to be omitted. 
In all great advances in the arts of life, extensive improvements 
are at first attended with individual loss of greater or less amount. 
The displacement of capital is almost inevitably attended with 
this disadvantage. It is the duty, therefore, of the scientific 
engineer, in the arrangement and adoption of his measures, to 
consider how these objects may be best attained with the least 
possible injury to existing interests. To accomplish this will not 
only be a benefit to the public, but will materially facilitate the 
realisation of his own objects, by conciliating in their favour those 
large and powerful interests, whose destruction would be other* 
wise menaced by them. If, then, in the present case, it is found 
practicable with advantage to introduce into the present sailing- 
ships, more especially into those most recently constructed, the 
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agency of steam, a very important advantage will be gained for 
the public, and the almost unanimous support and countenance of 
the commercial community will be secured. 

19. To attain the objects here developed, it will be evidently in- 
dispensable to remove those impediments, which at once disfigure 
the appearance and destroy the efficiency of the sailing qualities of 
the ship, by the enormous and unsightly excrescences projecting 
from the sides in the shape of paddle-wheels, and the wheel-houses 
or paddle-boxes, as they are called. These appendages are attended 
with many evils, the least of which is perhaps the impediment 
which they present to the progress of the ship. 

But the form, magnitude, and position of the propelling ma- 
chinery, is far from being the only obstacle to the full success of 
the present steam- vessels, when directed to the general purposes of 
commerce. The engines themselves, and the boilers, from which 
the moving power proceeds, and the fuel by which they are worked, 
occupy the very centre of the vessel, and engross the most valuable 
part of the tonnage. The chimney, which gives efficacy to the 
furnaces, is also an unsightly excrescence, and no inconsiderable 
obstruction. 

When long ocean-voyages are contemplated, such as those be- 
tween New York and the ports of England, there is another serious 
obstacle, which is especially felt in the westward trip, because of 
the prevalence of adverse winds. When the vessel starts on its 
long voyage, it is necessarily laden with a large stock of fuel, 
which is calculated to meet, not merely the average exigencies of 
the voyage, but the utmost extremity of adverse circumstances of 
wind and weather to which it can by possibility be exposed. This 
fuel is gradually consumed upon the voyage ; the vessel is propor- 
tionally lightened, and its immersion diminished. If its trim be 
so regulated that the immersion of its wheels at starting be such 
as to give them complete efficiency, they may, before the end of 
the voyage, be almost if not altogether raised out of the water. 
If, on the other hand, the efficiency of propulsion in the latter 
part of the voyage be aimed at, they must have such a depth at 
its commencement as to impair in a serious degree their propelling 
effect, and to rob the vessel of its proper speed. Under such cir- 
cumstances, there is no expedient left but compromise. The vessel 
must start with too great and arrive with too little immersion. 
There is no alternative, save to abandon altogether the form and 
structure of the present machinery, and to awaken the inventive 
genius of the age to supply other mechanical expedients, which 
shall not be obnoxious to these objections. 

In fine, then, we look to the improvement of auxiliary steam 
power, and the extended use of submerged propellers, as the meaa& 
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which, in the existing state of the art of steam-navigation, are 
most likely to extend the benefits of that agent of transport to 
general commerce. 

20. If the form and structure of paddle-wheel steam-vessels be 
obnoxious to these many serious objections, when considered with 
reference to the purposes of general commerce, they are still more 
objectionable when considered with reference to the purposes of 
national defence. It is undoubtedly a great power with which to 
invest a vessel of war, to be able to proceed at will, in spite of 
the opposition of wind or tide, in any direction which may seem 
most fit to its commander. Such a power would have surpassed 
the wildest dreams of the most romantic and imaginative naval 
commander of the last century. To confer upon the vessels of a 
fldet the power immediately, at the bidding of the commander, to 
take any position that may be assigned to them relatively to the 
enemy, or to run in and out of a hostile port at pleasure, or fly 
with the rapidity of the wind past the guns of formidable forts, 
before giving them time to take effeot upon them — are capabilities 
which must totally revolutionise all the established principles of 
naval tactics. But these powers at present are not conferred upon 
steam-ships, without important qualifications and serious draw- 
backs. The instruments and machinery from which they are 
immediately derived are, unfortunately, exposed in such a manner 
as to render the exercise of the powers themselves hazardous in 
the extreme. It needs no profound engineering knowledge to 
perceive that the paddle-wheels are eminently exposed to shot, 
which, taking effect, would altogether disable the vessel, and 
leave her at the mercy of the enemy ; and the chimney is even 
more exposed, the destruction of which would render the vessel a 
prey to the enemy within itself in the shape of fire. But besides 
these most obvious sources of exposure in vessels of the present 
form intended as a national defence, the engines and boilers 
themselves, being more or less above the water line, are exposed 
so as to be liable to be disabled by shot. 

A war steamer, to be free from these objections, should be pro- 
pelled by subaqueous apparatus. Her engines, boilers, and all 
other parts of her machinery should be below the water-line. Her 
fuel should be hard coal, burning without visible smoke, so that 
her approach may not be discoverable from a distance. Her fur- 
naces might be worked by blowers, so that the chimney might be 
dispensed with, and thus its liability to be carried away by shot 
removed. 

21. The policy of the British government has been to rely on the 
commercial steam navy as a means of national defence, in the 
event of the sudden outbreak of war. By the evidenoe given 
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before a committee of the House of Commons in 1850, and the 
report founded thereupon, it appeared that commercial steamers 
in general are capable of war service, with no other previous 
alteration or preparation than such as are easily practicable and 
expeditiously executed. It was shown that all steamers of 400 
tons and upwards would be capable, with some additional strength- 
ening, to carry such pivot guns as are used in war-steamers, and 
that there are few mercantile steamers of any size, which might 
not carry an armament such as would render them useful in case 
of an emergency. 

22. The principle on which the steam-engine is applied to the 
propulsion of ships is the same as that by which oars act in pro- 
pelling boats. In both cases the propelling instruments having a 
point or points of reaction on the vessel, are made to drive a mass 
of water backwards, and the moving force, or momentum, thus 
imparted to the water from stem to stern, is necessarily attended 
with a reaction from stern to stem, which, taking effect on the 
vessel, gives it a corresponding progressive motion. 

By the well-known mechanical principle of the composition and 
resolution of force, it can be demonstrated that whatever force 
may be imparted to the water by the propeller, such force can be 
resolved into two elements, one of which is parallel, and the 
other in a plane at right angles to the keel. The former 
alone can have a propelling effect, and since the latter is wholly 
ineffective, the propeller should always be so constructed that its 
whole force, or at least the chief part of it, shall be employed in 
driving the water in a direction parallel to the keel from stem to 
stern. 

23. The mechanical expedients by which the power of steam is 
rendered available for the propulsion of vessels are very various, 
both as regards the form of the engine which acts upon the pro- 
peller, and the form of the propeller itself. 

In all cases hitherto reduced to practice, the propeller is awheel 
fixed upon a horizontal shaft, to which the engine imparts a 
motion of continued rotation. The wheel is so constructed that 
when it revolves it imparts to a volume of water, more or less 
considerable, a motion either directly backwards, or one whose 
principal component has that direction. The greater the pro- 
portion which this principal component has to the entire force 
exercised by the propeller, the more effective it will be. 

24. The propellers hitherto practically applied in steam-naviga- 
tion are of two kinds, called paddle-wheels and screws. 

The shaft of the paddle-wheels is fixed horizontally across the 
vessel, and consequently at right angles to the direotion of the 
keel. 

m 
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The shaft of the screws is placed horizontally in the vessel 
parallel to the keel, and directly ahove it. 

The faces of the paddle-wheels look sideways and are conse- 
quently parallel to the keel. 

The faces of the screws look sternwards, and are consequently 
at right angles to the keel. 

25. The paddle-wheels are in pairs one at each side of the vessel 
and outside the hull, being supported on the projecting ends of 
the paddle-shaft, and covered by large semi-cylindrical drums 
called paddle-boxes. 

The screws are generally single wheels, within the vessel under 
its hull, and placed near the stern. 

Only the lower parts of the paddle-wheels are immersed. The 
screws are altogether submerged. 

26. The paddle-shaft being carried on each side beyond the 
timbers of the vessel, the wheels supported by it and revolving 
with it, are usually constructed like undershot water-wheels, 
having attached to their rims a number of flat boards called 
paddle-boards. As the wheels revolve, these paddle-boards strike 
the water, driving it in a direction contrary to that in which it is 
intended the vessel should be propelled. On the paddle-shaft 
two cranks are constructed, similar to the crank on the axle of 
the fly-wheel of a stationary engine. These cranks are generally 
placed at right angles to each other, so that when either is in its 
highest or lowest position the other shall be horizontal. They 
are driven by two steam-engines, which are usually placed in the 
hull of the vessel below the paddle-shaft. In the earlier steam- 
boats a single steam-engine was used, and in that case the unequal 
action of the engine on the crank was equalised by a fly-wheel. 
This, however, has been long since abandoned in European vessels, 
and the use of two engines is now almost universal. By the relative 
position of the cranks it will be seen, that when either orank is at 
its dead point the other will be in one of the positions most favour- 
able to its action, and in all intermediate positions, the relative 
efficiency of the cranks will be such as to render their combined 
action very nearly uniform. 

The steam-engines used to impel vessels may be either con- 
densing engines, similar to those of Watt, and such as are used in 
manufactures generally, or they may be non-condensing and high- 
pressure engines, similar in principle to those used on railways. 
Low-pressure condensing engines are, however, universally used for 
marine purposes in Europe, and to a great extent in the United 
States. In the latter country, however, high-pressure engines are 
also used in some of the river steamers. 

27. The arrangement of the parts of a marine engine differs in 
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some respects from that of a land engine. The limitation of space, 
which is unavoidable in a vessel, renders greater compactness 
necessary. The paddle-shaft on which the cranks to he driven by 
the engine are constructed being very little below the deck of the 
vessel, the beam, if there be one, and connecting rod could not be 
placed in the position in which they usually are in land engines, 
without carrying the machinery to a considerable elevation above- 
the deck. This is done in the steam-boat engines used on the 
American rivers ; but it would be inadmissible in steam-boats in 
general, and more especially in sea-going steamers. The connect- 
ing rods, therefore, instead of being presented downwards towards 
the cranks which they drive, must, in steam- vessels, be presented 
upwards, and the impelling force be received from below. If, 
under these circumstances, the beam were in the usual position 
above the cylinder and piston-rod, it must necessarily be placed 
between the engine and the paddle-shaft. This would require a 
depth for the machinery which would be incompatible with the 
magnitude of the vessel. The beam, therefore, of marine engines, 
instead of being above the cylinder and piston, is placed below 
them. To the top of the piston rods, cross-pieces are attached, 
of greater length than the diameter of the cylinders, so that their 
extremities shall project beyond the cylinders. To the ends of 
these cross-pieces are attached by joints the rods of a parallel 
motion: these rods are carried downwards, and are connected 
with the ends of two beams below the cylinder, and placed on 
either side of it. The opposite ends of these beams are con- 
nected by another cross-piece, to which is attached a connecting 
rod, which is continued upwards to the crank-pin, to which it 
is attached, and which it drives. Thus the beam, parallel motion, 
and connecting rod of a marine engine, are similar to those of a 
land engine, only that they are turned upside down ; and in con- 
sequence of the impossibility of placing the beam directly over the 
piston rod, two beams and two systems of parallel motion are pro- 
vided, one on each side of the engine, acted upon by, and acting 
on the piston rod and crank by cross-pieces.* 

The proportion of the cylinders differs from that usually ob- 
served in land engines for like reasons. The length of the 
cylinder of land engines is generally greater than its diameter, 
in the proportion of about two to one. The cylinders of marine 
engines are, however, commonly constructed with a diameter 
greater than their length. In proportion, therefore, to their 
power their stroke is shorter, which infers a corresponding short- 

* We must assume that the reader of the present Tract has already 
rendered himself familiar with the several Tracts on Steam and the Steam 
Engine, already published in the Museum. 
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ness of crank and a greater limitation of play of all the moving 
parts in the vertical direction. The valves and the gearing by 
which they are worked, the air-pump, the condenser and other 
parts of the marine engines, do not differ in principle from those 
already described in land engines. 

These arrangements will be more clearly understood by 
reference to fig. 1, in which is represented a longitudinal 
section of ,one of the many varieties of beam engine, with its 
boiler as placed in a steam-vessel. The sleepers of oak, sup- 
porting the engine, are represented at x, the base of the engine 
being secured to these by bolts passing through them and the 
bottom timbers of the vessel ; s is the steam-pipe leading from 
the steam-chest in the boiler to the slides c, by which it is 
admitted to the top and bottom of the cylinder. The condenser is 
represented at B, and the air-pump at £. The hot well is seen at 
F, from which the feed is taken for the boiler ; L is the piston-rod 
connected by the parallel motion a, with the beam h, working on 
a centre x, near the base of the engine. The other end of the 
beam i drives the connecting rod h, which extends upwards to 
the crank, which it works upon the paddle-shaft o. Q b is the 
framing by which the engine is supported. The beam here exhi- 
bited is shown on dotted lines as being on the further side of the 
engine. A similar beam similarly placed, and moving on the 
same axis, must be understood to be at this side connected with 
the cross-head of the piston in like manner by a parallel motion, 
and with a cross-piece attached to the lower end of the connecting 
rod and to the opposite beam. The eccentric which works the 
slides is placed upon the paddle-shaft o, and the connecting arm 
which drives the slides may be easily detached when the engine 
requires to be stopped. The sectidn of the boiler, grate, and flues 
is represented at w u. The safety-valve y is enclosed beneath a 
pipe carried up beside the chimney, and is inaccessible to the 
engine man ; A are the cocks for blowing the salted water from 
the boiler, and 1 1 the feed-pipe. 
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arrangement or tne engine-room 
vessel is represented in %* 3, page 13L 

The nature of the effect required to be produced by marine 
engines, does not render either necessary or possible that great 
regularity of action, which is indispensable in a steam-engine 
applied to the purposes of manufacture. The agitation of the 
surface of the sea will cause the immersion of the paddle-wheels 
to be subject to great variation, and the resistance produced by 
the water to the engine will undergo a corresponding change. 
The governor, therefore^ and other parts of the apparatus, con- 
trived fbr giving to the engine that great regularity required in 
manufactures, are omitted in nautical engines, and nothing im 
introduced save what is necessary to main tain the machine in its 
full working efficiency * 

Marine boilers are constructed in Forms so infinitely various, 
that, in a notice so brief and popular as the present we, can only 
indicate some of their more general arrangements, and aid the 
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oommon land boilers, an increased evaporation in the proportion of 
about three to two. 

The form and arrangement of the water-spaces and flues in 
fine boilers are infinitely various. The sections of suoh boilers 
axe exhibited in figs. 4, 5, 6. A section made by a horizontal 

Fig. 4. 




plane passing through the flues is exhibited in fig. 4. The 
furnaces p communicate in pairs with the flues e, the air following 
the course through the flues represented by the arrows. The flue B 
passes to the back of the boiler, then returns to the front, then 

Fig. «. 
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to the back again, and is finally carried back to the front, where 
it communicates at c with the curved flue B, represented in the 
transverse vertical section, fig. 5. This curved flue b finally 
terminates in the chimney ▲. There are, in this case, three inde- 
pendent boilers, each worked by two furnaces communicating with 
the same system of flues ; and in the curved flues b, fig. 5, by 
which the air is finally conducted through the ohimney, are placed 
three independent dampers,, by means of whioh the furnace of 
each boiler can be regulated independently of the other, and by 
which each boiler may be separately detached from communication 
with the chimney. 

A longitudinal section of the boiler, made by a vertical plane 
extending from the front to the back, is given in fig. 6, where r, 
as before, is the furnace, ct the grate-bars sloping downwards 
from the front to the back, H the fire-bridge, c the commencement 
of the flues, and a the chimney. An elevation of the front of the 

Vlf. 6. 




boiler is represented in fig. 7, showing two of the fire-doors closed 
and the other two removed, displaying the position of the grate- 
bars in front. Small openings are also provided, closed by proper 
doors, by whioh access can be had to the under-side of the flues, 
between the foundation timbers of the engine, for the purpose of 
cleaning them. 

Each of these boilers can be worked independently of the others. 
By this means, when at sea, the engine may be worked by any 
two of the three boilers, while the third is being oleaned and put 
in order. 

In the boilers here represented the flues are all upon the same 
level, winding backwards and forwards without passing one above 
the other. In other boilers, however, the flues, after passing 
backwards and forwards near the bottom of the boiler, turn 
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upwards and pass backwards and forwards through a level of the 
water nearer its surface, finally terminating in the chimney. More 
heating surface is thus obtained with the same capacity of boiler. 
It is found in practice, that the moat efficient parts of the flue- 
surface for the generation ci steam, are those which are horizontal 

Ifc. T. 



and at the upper parts of the. flue, and the least efficient those 
which are horizontal and at the lowest part, the efficiency of the 
vertical sides being intermediate. 

Since the flues are liable occasionally to become choked with 
soot and ashes, it is necessary that their magnitude shall be 
sufficient to allow a boy to enter them for the purpose of cleaning 
them. 

31. Tubular marine boilers are constructed on a prinoiple pre- 
cisely similar to that of locomotive boilers, described in a former 
Tract. The flame and gaseous products of combustion, issuing 
from the furnace at a very elevated temperature, pass through a 
great number, sometimes several hundred, tubes of iron or brass, 
of about three inches diameter, which traverse the boiler below the 
level of the water in it, so that before they enter the chimney their 
temperature is reduced to a comparatively low point, the heat 
they thus lose being taken up by the water surrounding the tubes. 

Flue boilers have the advantage over tubular boilers in being 
cheaper and more durable. With the same evaporating power 
they are however one-third larger and heavier, and consequently 
occupy a greater portion of the tonnage, and produce, other 
things being the same, a proportionally greater displacement, the 
latter condition augmenting the resistance, and therefore either 
diminishing the speed, or increasing the consumption of fuel. 
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32. There cannot be a more striking proof of the ignorance Of 
general principles which prevails, respecting this branch of steam 
engineering, than the endless variety of forms and proportions 
which are adopted in the boilers and furnaces which are con- 
structed, not only by different engineers but by the same 
engineer, for steamers of like power and capacity, and even for 
the same steamer at different times. Thus the original boilers 
of the Great Western, built for the New York and Bristol ofr 
Liverpool voyage, were of the common flue sort. They were 
subsequently taken out and replaced by tubular boilers. The 
dimensions and relative, proportions of these two sets of boilers, 
thus supplied to the same vessel for the same voyage, differing as 
completely one from the other as if they had been designed for 
different vessels and different voyages. 

On contemplating engineering proceedings, such as are exhibited 
in the preceding table, it is impossible to deny that practical men 
in such cases are groping in the dark, without the slightest benefit 
from the light which they ought to derive, from the present 
advanced state of physical science. 

33. Tubular flues have been in many steamers adopted in 
preference to the flat and longer flues already described. In the 
second set of boilers of the Great Western above mentioned, the 
tubes were eight feet in length and three inches in diameter. In 
the boilers of the steamer Ocean, which are also tubular, the 
following are the principal dimensions : — 



Boilers : 




Number 


. 3 


Length . 


. . 14 feet. 


Breadth 


. 194 ^t. 


Furnaces : 




Number . 


. . 7 


Length 


. 7 feet. 


Breadth . 


-. . 2^ feet. 


Tubes: 




Material • 


. Iron. 


Number 


. . 378 



Length . 


. 9 feet 


Diameter 


. 3J inches. 


Cylinders : 




Number 


. 2 


Diameter 


. 56 inches. 


Stroke 


. 54 feet. 


Pressure of steam above 


atmosphere 


4£ lbs. per in. 


Consumption of coal 




per hour . 


18cwt. 



Among the more recent specifications of the machinery of marine 
engines submitted to the Admiralty, are some in which the boilers 
are traversed by nearly 2000 tubes of 3£ inches external diameter, 
and five feet in length, giving a total heating surface of about 
9000 square feet. 

34. A formidable difficulty in the application of the steam- 
engine to sea voyages has arisen from the necessity of supplying 
the boiler with sea water instead of fresh water. The sea water 
is injected into the condenser for the purpose of condensing the 
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steam, and, mixed with the condensed steam, it is thence con- 
ducted as feeding water into the boiler. 

Sea water holds, as is well known, certain saline and alkaline sub- 
stances in solution, the principal of which is muriate of soda, ox 
common salt. Ten thousand grains of pure sea water contain two 
hundred and twenty grains of common salt, the remaining ingre- 
dients being thirty-three grains of sulphate of soda, forty-two grains 
of muriate of magnesia, and eight grains of muriate of lime. The 
heat which converts pure water into steam does not at the same 
time evaporate those salts which the water holds in solution. As 
a consequence it follows, that, as the evaporation in the boiler is 
continued, the salt, which was held in solution by the water 
which has been evaporated, remains in the boiler, and enters into 
solution with the water remaining in it. The quantity of salt 
contained in sea water being considerably less than that which 
water is capable of holding in solution, the process of evaporation 
for some time is attended with no other effect, than to render the 
water in the boiler a stronger solution of salt If, however, this 
process be continued, the quantity of salt retained in the boiler 
having constantly an increasing proportion to the quantity of 
water, it must at length render the water in the boiler a saturated 
solution ; that is, a solution containing as much salt as, at the 
actual temperature, it is capable of holding in solution. If, 
therefore, the evaporation be continued beyond this point, the salt 
disengaged from the water evaporated, instead of entering into 
solution with the water remaining in the boiler, will be precipitated 
in the form of sediment ; and if the process be continued in the 
same manner, the boiler would at length become a mere salt-pan. 

But besides the deposition of salt .sediment in a loose form, some 
of the constituents of sea water having an attraction for the iron 
of the boiler, collect upon it in a scale or crust, in the same manner 
as earthy matters, held in solution by spring water, are observed to 
form and become incrusted on the inner surface of land-boilers 
and of common culinary vessels. 

The coating of the inner surface of a boiler by incrustation, and 
the collection of salt sediment in its lower parts, are attended 
with effects highly injurious to the materials of the boiler. The 
crust and sediment thus formed within the boiler are almost non- 
conductors of heat, and placed, as they are, between the water 
contained in the boiler and the metallic plates which form it, they 
obstruct the passage of heat from the outer surface of the plates 
in contact with the fire, to the water. The heat, therefore, accu- 
mulating in the boiler-plates so as to give them a much higher 
temperature than the water within the boiler, has the effect of 
softening them, and by the unequal temperature which will thus . 
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be imparted to the lower plates which are inorusted, compared 
with the higher parts which may not be so, an unequal expansion 
is produced, by whioh the joints and seams of the boiler, are 
loosened and opened, and leaks produced. 

These injurious effects can only be prevented by either of two 
methods ; first, by so regulating the feed of the boiler that the 
water it contains shall not be suffered to reach the point of 
saturation, but shall be so limited in its degree of saltness that no 
injurious incrustation or deposit shall be formed ; secondly, by 
the adoption of some method by whioh the boiler may be worked 
with fresh water. This end can only be attained by condensing 
the steam by a jet of fresh water, and working the boiler con- 
tinually by the same water, since the supply of fresh water 
sufficient for a boiler worked in the ordinary way, could never be 
commanded at sea. 

The method by which the saltness of the water in the boiler is 
most commonly prevented from exceeding a certain limit, has 
been to discharge from the boiler into the sea a certain quantity 
of over-salted water, and to supply its place by sea water intro- 
duced into the condenser through the injection-cock, for the 
purpose of condensing the steam, this water being mixed with the 
steam so condensed, and being, therefore, a weaker solution of 
salt than common sea water. To effect this, cooks called blow- 
off cocks are usually placed in the lower parts of the boiler, where 
the over-salted, and therefore heavier, parts of the water collect. 
The pressure of the steam and incumbent weight of the water in 
the boiler force the lower strata of water out through these cocks ; 
and this process, called blowing out, is, or ought to be practised at 
such intervals as will prevent the water from becoming over- 
salted. When the salted water has been blown out in this 
manner, the level of the water in the boiler is restored by a feed 
of corresponding quantity. 

This process of blowing out, on the due and regular observance 
of which the preservation and efficiency of the boiler mainly 
depend, is too often left at the discretion of the engineer, who is, 
in most cases, not even supplied with the proper means of ascer- 
taining the extent to which the process should be carried. It is 
commonly required that the engineer should blow out a certain 
portion of the water in the boiler every two hours, restoring the 
level by a feed of equivalent amount; but it is evident that the 
sufficiency of the process, founded on such a rule, must mainly 
depend on the supposition, that the evaporation proceeds always at 
the same rate, which is far from being the case with marine boilers. 

35. An indicator, by which the saltness of the water in the 
boiler would always be exhibited, ought to be provided, and the 
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process of blowing out should be regulated by the indications of 
that instrument. To blow out more frequently than is necessary 
is attended with a waste of fuel ; for hot water is thus discharged 
into the sea while cold water is introduced in its place, and con- 
sequently all the heat necessary to produce the difference of the 
temperatures of the water blown out, and the feed introduced, is 
lost. If, on the other hand, the process of blowing out be observed 
less frequently than is necessary, then more or less incrustation 
and deposit may be produced, and the injurious effects already 
described ensue. 

36. As the specific gravity of water holding salt in solution is 
increased with every increase of the strength of the solution, any 
form of hydrometer capable of exhibiting a visible indication of 
the specific gravity of the water contained in the boiler, would 
serve the purpose of an indicator, to show when the process of 
blowing out is necessary, and when it has been carried to a 
sufficient extent. The application of such instruments, however, 
would be attended with some practical difficulties in the case of 
sea boilers. 

37. The temperature at which a solution of salt boils under a 
given pressure varies considerably with the strength of the 
solution ; the more concentrated the solution is, the higher will 
be its boiling temperature under the same pressure. A comparison, 
therefore, of a steam-gauge attached to the boiler, and a ther- 
mometer immersed in it, showing the pressure and the temperature, 
would always indicate the saltness of the water; and it would 
not be difficult so to graduate these instruments as to make them 
at once show the degree of saltness. 

If the application of the thermometer be considered to be 
attended with practical difficulty, the difference of pressures under 
which the salt water of the boiler and fresh water of the same 
temperature boil, might be taken as an indication of the saltness 
of the water in the boiler, and it would not be difficult to construct 
upon this principle a self-registering instrument, which would 
not only indicate but record from hour to hour the degree of 
saltness of the water. A small vessel of distilled water being 
immersed in the water of the boiler would always have the tem- 
perature of that water, and the steam produced from it com- 
municating with a steam-gauge, the pressure of such steam would 
be indicated by that gauge, while the pressure of the steam in 
the boiler under which pressure the salted water boils might be 
indicated by another gauge. The difference of the pressures 
indicated by the two gauges would thus become a test, by which 
the saltness of the water in the boiler would be measured. The 
two pressures might be made to act on opposite ends of the same 
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column of mercury contained in a siphon tube, and the difference 
of the levels of the two surfaces of the mercury, would thus 
become a measure of the saltness of the water in the boiler. A 
self-registering instrument, founded on this principle, formed part 
of the self- registering steam-log which I proposed to introduce 
into steam- vessels some time since. 

38. The Messrs. Seaward of Limehouse adopted, in some of 
their engines, a method of indicating the saltness of the water, 
and of measuring the quantity of salted water or brine discharged 
by blowing out. A glass-gauge, similar in form to that already 
described in land engines, is provided, to indicate the position of 
the surface of the water in the boiler. In this gauge two hydro- 
meter balls are provided, the weight of which in proportion to- 
their magnitude is such, that they would both sink to the bottom - 
in a solution of salt of the same strength as common sea water. 
When the quantity of salt exceeds ^ parts of the whole weight 
of the water, the lighter of the two balls will float to the top ; 
and when the strength is further increased until the proportion 
of salt exceeds & parts of the whole, then the heavier ball will 
float to the top. The actual quantity of salt held in solution by 
sea water in its ordinary state is ^ part of its whole weight ' r 
and when by evaporation the proportion of salt in solution has 
become ^ parts of the whole, then a deposition of salt commences. 
With an indicator such as that above described, the ascent 
of the lighter hydrometer ball gives notice of the necessity for 
blowing out, and the ascent of the heavier may be considered as 
indicating the approach of an injurious state of saltness in the 
boiler. 

The ordinary method of blowing out the salted water from 
a boiler is by a pipe, having a cock in it leading from the boiler 
through the bottom of the ship, or at a point low down at its side. 
Whenever the engineer considers that the water in the boiler has 
become so salted, that the process of blowing out should com- 
mence, he opens the cock communicating by this pipe with the 
sea, and suffers an indefinite and uncertain quantity of water to 
escape. In this way he discharges, according to the magnitude 
of the boiler, from two to six tons of water, and repeats this at 
intervals of from two to four hours, as he may consider to be 
sufficient. If, by observing this process, he prevents the boiler 
from getting incrusted during the voyage, he considers his duty 
to be effectually discharged, forgetting that he may have blown 
out many times more water than is necessary for the preservation 
of the boiler, and thereby produced a corresponding and unneces- 
sary waste of fuel. In order to limit the quantity of water 
discharged, Messrs. Seaward adopted the following method. In 
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fig. 8 is represented a transverse section of a part of a steam- 
vessel; w is the water-line of the boiler, b is the month of a 
blow-off pipe, placed near the bottom of the boiler. This pipe 
rises to ▲, and turning in the horizontal direction, A. c, is con- 
ducted to a tank t, which contains exactly a ton of water. This 
pipe communicates with the tank by a cock n, governed by a 
lever h. When this lever is moved to n', the cock d is open, and 
when it is moved to x, the cock d is closed. From the same tank 
there proceeds another pipe e, which issues from the side of the 
vessel into the sea, governed by a cook r, which is likewise put in 

Pig. 8. 




connection with the lever H, so that it shall be opened when the 
lever h is drawn to the position f*, the cock d' being closed in all 
positions of the lever between x and f\ Thus, whenever the 
cock f communicating with the sea is open, the cock D communi- 
cating with the boiler is dosed, and vice versd, both cooks being 
closed when the lever is in the intermediate position x. By this 
arrangement the boiler cannot, by any neglect in blowing off, be 
left in communication with the sea, nor can more than a ton 
of water be discharged except by the immediate act of the 
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engineer. The injurious consequences are thus prevented which 
sometimes ensue, when the blow-off cooks are left open by any 
neglect on the part of the engineer. When it is necessary to blow 
off, the engineer moves the lever H to the position »'. The pres- 
sure of the steam in the boiler on the surface of the water 
forces the salted water or brine up the pipe b a, and through the 
open cock c into the tank, and this continues until the tank is 
filled : when that takes place, the lever is moved from the posi- 
tion n' to the position f*, by which the cock d is closed, and the 
cook p opened. The water in the tank flows through the pipe E 
into the sea, air being admitted through the valve v, placed at 
the top of the tank, opening inwards. A second ton of brine 
is discharged by moving the lever back to the position n', and 
subsequently returning it to the position f / ; and in this way the 
brine is discharged ton by ton, until the supply of water from the 
feed whioh replaces it has caused both the balls in the indicator to 
sink to the bottom. 

39. A different method of preserving the requisite freshness of 
the water in the boiler was adopted by Messrs. Maudslay and 
Field. Pumps called brine-pumpa are put into communication 
with the lower part of the boiler, and so constructed as to draw 
the brine therefrom, and drive it into the sea. These brine- 
pumps are worked by the engine, and their operation is constant. 
The feed-pumps are likewise worked by the engine, and they bear 
such a proportion to the brine-pumps that the quantity of salt 
discharged in a given time in the brine is equal to the quantity 
of salt introduced in solution by the water of the feed-pumps. 
By this means the same actual quantity of salt is constantly 
maintained in the boiler, and consequently the strength of the 
solution remains invariable. If the brine discharged by the 
brine-pumps contains £ parts of salt, while the water introduced 
by the feed-pumps contains only fo part, then it is evident that 
live onbio feet of the feeding-water will contain no more salt than 
is oontained in one cubic foot of brine. Under such circumstances 
the brine-pumpi would be so constructed as to discharge } of the 
water introduced by the feed-pumps, so that | of all the water 
introduced into the boiler would be evaporated, and rendered 
available for working the engine. 

To save the heat of the brine, a method has been adopted is 
the marine engines constructed by Messrs. Maudslay and Field, 
similar to one whioh has been long practised in steam-boilers, and 
in various apparatus for the warming of buildings. The current 
of heated brine is conducted from the boiler through a tube 
which is contained in another, through whioh the feed is intro- 
duced. The warm current of brine, therefore, as it passes out,. 
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nr parts a considerable portion of its heat to the cold feed which 
comes in ; and it is found that by this expedient the brine discharged 
into the sea may be reduced to a temperature of about 100°. 

This expedient is so effectual, that when the apparatus is pro- 
perly constructed, and kept in a state of efficiency, it may be 
regarded as nearly a perfect preventive against the incrustation, 
and the deposition of salt in the boilers, and is not attended with 
any considerable waste of fuel. 

40. It is maintained by some practical men, that the economy 
of heat effected by brine-pumps, such as have been just described, 
is more than counterbalanced by the risk which attends them, if 
not accompanied by proper precautions. The pipes through which 
the salted water is discharged are, it is said, apt to get choked, in 
which case the pumps will necessarily cease to act, though they 
appear to the engineer to do so ; and thus the water in the boiler 
may become salted to any extent without the knowledge of the 
engineer. When the process of Mowing out is executed in the 
ordinary way, without brine-pumps, the engineer looks at his 
water-gauge and keeps the blow-off cock open, until the water 
level has fallen to the required point. Under these circumstances 
there is a certainty of having discharged from the boiler a certain 
quantity of salted water, a certainty which does not exist in the 
case of a continuous discharge of water by brine-pumps. 

Such expedients, therefore, it is contended, should always be 
■accompanied by some indicator, which shall show the degree of 
saltness of the water in the boiler, such as we shall presently 
explain. 

41. In practice, if a marine boiler be regularly attended to, 
and the salted water be discharged either by the common 
method of bio wing-off cocks or by brine-pumps, or any other expe- 
dient which shall impose the necessary limit oh the degree of con- 
centration of water in the boiler, the evil arising from incrustation 
will be quite inconsiderable. 

A scale will in all cases be formed on the inner surface of the 
boilers, which must be removed from time to time when the vessel 
is in port. The best method of effecting this is by lighting some 
shavings, or other light and flaming combustible, in the furnaces 
when the boilers are empty and the safety-valves open. The 
expansion of the metal by the heat thus produced being greater 
than that of the matter composing the scale, the latter will be 
detached and will fall in pieces to the bottom of the boiler, from 
which it can be withdrawn with the water at the man-holes. 

In some cases, however, it will be preferable to detach the scale 
by the hammer or chisel. 

42. It is a great error to suppose that incrustation is either the 
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sole or principal cause of the rapid destruction of marine boilers. 
If it were so, it would necessarily happen that marine* boilers in 
which expedients are adopted by which fresh water is used, or 
even those in which the process of blowing out has been regularly 
observed, and in which the scale is detached before it is allowed 
to thicken to an injurious extent, would last as long, or nearly as 
long, as land boilers. It is found, however, that the boilers in 
which these expedients are adopted with the greatest effect and 
regularity are, nevertheless, less durable in a very large propor- 
tion than land boilers. Thus, while a land boiler will last for 
twenty years, a marine boiler, similarly constructed, will, even 
with the greatest care, be worn out in four or five years. 

The cause of this rapid destruction of the boiler is corrosion, 
but how this corrosion is produced is a question which has not 
hitherto been satisfactorily answered. It is contended that this 
is not to be ascribed to any chemical action of the sea water on 
the iron, inasmuch as the flues of marine boilers rarely show any 
deterioration from this cause, and even in worn-out marine boilers 
the hammer-marks on the flues are as conspicuous as when they are 
fresh from the boiler-maker. The thin film of scale which covers 
the interior surface would rather protect the iron from the aotion 
of the water. In fine, the seat of the corrosion is almost never 
those parts of the boiler which are in contact with the water. It 
is that part of the metal which includes the steam space that 
exhibits corrosion ; but even there the effect is so irregular, that 
no data can be obtained by which the cause can be satisfactorily 
traced. The part which is most rapidly corroded in one boiler is 
not at all affected in another ; and in some oases we find one side 
of the steam-chest attacked, the other side being untouched. 
Sometimes the iron exfoliates in flakes, while in others it appears 
as though it were eaten away by an acid. 

43. In the application of the steam-engine to the propulsion of 
vessels in voyages of great extent, the economy of fuel acquires 
an importance greater than that which appertains to it in' land 
engines, even in localities the most removed from coal-mines, and 
where its expense is greatest. The practical limit to steam 
voyages being determined by the greatest quantity of coals whioh 
a steam vessel can carry, every expedient by whioh the efficiency 
of the fuel can be increased becomes a means, riot merely of a 
saving of expense, but of an increased extension of steam-power to 
navigation. Much attention has been bestowed on the augmenta- 
tion of the duty of engines in the mining districts of Cornwall, 
where the question of their efficiency is merely a question of 
economy; but far greater care should be given to this subject, 
when the practicability of maintaining intercourse by steam 
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between distant points of the globe, will perhaps depend on the 
effect produced by a given quantity of fuel. So long as steam 
navigation was confined to river and channel transport and to 
coasting voyages/ the speed of the vessel was a paramount con- 
sideration, at whatever expenditure of fuel it might be obtained ; 
but since steam navigation has been extended to ocean voyages, 
where coals must be transported sufficient to keep the engine in 
operation for a long period of time without a fresh relay, greater 
attention has been bestowed upon the means of economising it. 

Much of the efficiency of fuel must depend on the management 
of the fires, and therefore on the skill and care of the stokers. 
Formerly the efficiency of firemen was determined by the abundant 
production of steam ; and so long as the steam was evolved in 
superabundance, however it might have blown off to waste, the duty 
of the stoker was considered as well performed. The regulation of 
the fires according to the demands of the engine was not thought 
of, and whether much or little steam was wanted, the duty of the 
stoker was to urge the fires to their extreme limit. 

Since the resistance opposed by the action of the paddle-wheels 
of a steam-vessel varies with the state of the weather, the con- 
sumption of steam in the cylinders must undergo a corresponding 
variation ; and if the production of steam in the boilers be not 
proportioned to this, the engines will either work with less effi- 
ciency than they might do under the actual circumstances of the 
weather, or more steam will be produced in the boilers than the 
cylinders oan consume, and the surplus will be discharged to waste 
through the safety valves. The stokers of a marine engine, there- 
fore, to perform their duty with efficiency, and obtain from the fuel 
the greatest possible effect, must discharge the functions of a self- 
regulating furnace, such as has been already described : they must 
regulate the force of the fires by the amount of steam which the 
cylinders are capable of consuming, and they must take care that no 
unconsumed fuel is allowed to be carried away from the ash-pit. 

44. Formerly the heat radiated from every part of the surface 
of the boiler was allowed to go to waste, and to produce injurious 
effects on those parts of the vessel to which it was transmitted. 
This evil, however, has been removed by coating the boilers, 
steam-pipes, &c, of steam-vessels with felt, by which the escape 
of heat from the surface of the boiler is very nearly, if not alto- 
gether, prevented. This felt is attached to the boiler surface by 
a thick covering of white and red lead. This expedient was first 
applied in the year 1818 to a private steam vessel of Mr. Watt's, 
called the Caledonia ; and it was subsequently adopted in another 
vessel, the machinery of whioh was constructed at Soho, called 
the James Watt. 
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CHAPTBE III. 

45. Economy of fuel. — 66. Width and depth of furnace.— 47. Adyantage 
ofexpansiye action.— 48. Siameie engines. — 49. Simplified arrange- 
ment*. — 50. Number and position of cylinders. — 51. Proportion of 
diameter to stroke. — 52. Oscillating engines. — 53. Engines of the 
Peterhoff. — 54. Propellers.— 55. The common paddle-wheels. — 56. 
Feathering paddles. — 57. Morgan's paddle-wheel.— 58. Field's split 
paddles. — 59. American paddle-wheel. — 60. Practical objections to 
feathering paddles. — 61. Proportion of marine engines. — 62. Sub- 
merged propellers. — 68. Their disadvantages. — 64. Screw-propellers. 
—65. Pitch and slip. — 66. Manner of mounting screw-propellers. — 
67. Their Tarious forms. 

45. The economy of fuel depends in a great degree on the 
arrangement of the furnaces, and the method of feeding them. 
In general, eaoh boiler is worked by two or more furnaces 
oommunicating with the same system of flues. While the furnace 
Lardher's Museum of Soxevox. & tA& 
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is fed, the door being open, a stream of cold air rushes in, passing 
over the burning fuel and lowering the temperature of the flues : 
this is an evil to be avoided. But, on the other hand, if the fur- 
naces be fed at distant intervals, each furnace will be unduly 
heaped with fuel, a great quantity of smoke will be evolved, 
and the combustion of the fuel will be proportionally imperfect. 
The process of coking in front of the grate, which would insure a 
complete combustion of the fuel, has been already described in our 
tract on the Steam Engine. A frequent supply of coals, however, 
laid carefully on the front part of the grate, and gradually pushed 
backwards as each fresh feed is introduced, would require the Are 
door to be frequently opened, and cold air to be admitted. It 
would also require greater vigilance on the part of the stokers, 
than can generally be obtained in the circumstances in which they 
work. In steam- vessels the furnaces are therefore fed less fre- 
quently, fuel is introduced in greater quantities, and a less perfect 
combustion produced. 

When several furnaces are constructed under the same boiler, 
communicating with the same system of flues, the process of feed- 
ing, and consequently opening one of them, obstructs the due 
operation of the, others, for the current of cold air which is thus 
admitted into the flues checks the draught, and diminishes the 
efficiency of the furnaces in operation. It was formerly the practice 
in vessels exceeding one hundred horse-power, to place four 
furnaces under each boiler, communicating with the same system 
of flues. Such an arrangement was found to be attended with a 
bad draught in the furnaces, and therefore to require a greater 
quantity of heating surface to produce the necessary evaporation. 
This entailed upon the machinery the occupation of more space in 
the vessel in proportion to its power ; it has therefore been more 
recently the practice to give a separate system of flues to each 
pair of furnaces, or, at most, to every three furnaces. When three 
furnaces communicate with a common flue, two will always be in 
operation, while the third is being cleared out ; but if the same 
quantity of fire were divided among two furnaces, then the clearing 
out of one would throw out of operation half the entire quantity 
of fire, and during the process the evaporation would be injuriously 
diminished. 

46. It is found by experience, that the side plates of furnaces are 
liable to more rapid destruction than their roofs, owing, probably, 
to a greater liability to deposit. Furnaces, therefore, should not 
be made narrower than a certain limit. Great depth from front to 
back is also attended with practical inconvenience, as it renders 
firing tools of considerable length, and a corresponding extent of 
stoking room necessary. It is recommended by those who have had 
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muon practical experience in steam-vessels, that furnaces six feet 
in depth from front to back should not be less than three feet 
in width to afford means of firing with as little injury to the side 
plates as possible, and of keeping the fires in the condition 
necessary for the production of the greatest effect. The tops of 
the furnaces scarcely ever decay, and are seldom subject to an 
alteration of figure, unless the level of the water be allowed to 
fall below them. 

47. The method by which the greatest quantity of practical 
effect can be obtained from a given quantity of fuel must, how- 
ever, mainly depend on the extended application of the expansive 
principle. This has been the means by which an extraordinary 
amount of duty has been obtained from the Cornish engines. The 
difficulty of the application of this principle in marine engines, has 
arisen from the objections entertained in Europe to the use of 
steam of high-pressure, under the circumstances in which the 
engine must be worked at sea. To apply the expansive principle, 
it is necessary that the moving power at the commencement of the 
stroke shall considerably exceed the resistance, its force being 
gradually attenuated till the completion of the stroke, when it 
will at length become less than the resistance. This condition 
may, however, be attained with steam of limited pressure, if 
the engine be constructed with a sufficient quantity of piston 
surface. 

48. This method of rendering the expansive principle available at sea, 
and compatible with low-pressure steam, was projected and executed by 
Messrs. Maudslay and Field. Their improvement consists in adapting 
two steam cylinders in one engine, in such a manner that the steam shall 
act simultaneously on both pistons, causing them to ascend and descend 
together. The piston-rods are both attached to the same horizontal cross- 
head, whereby their combined action is applied to one crank by means of a 
connecting-rod placed between the pistons. 

A section of such an engine (which has been called the Siamese engine), 
made by a plane passing through the two piston-rods p p' and cylinders, is 
represented in fig. 9. The piston-rods are attached to across-head c, 
which ascends and descends with them. This cross-head drives upwards 
and downwards an axle d, to which the lower end of the connecting-rod 
e is attached. The other end of the connecting-rod drives the crank- 
pin f, and imparts revolution to the paddle-shaft o. A rod H conveys 
motion by means of a beam i to the rod k of the air-pump l. 

Engines constructed on this principle were applied in several steamers, 
and amongst others in her Majesty's steam-frigate "Retribution." 

49. Within the last ten or fifteen yean, and especially 
since the more general adoption of the screw-propeller, the 
marine engine has been greatly simplified in its mechanical 
arrangements. Its bulk has thus been diminished, as well as 
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rotation of the cranks by connecting-rods, which consequently 
have an oscillation between the extreme points of the play of the 
cranks. 

In other cases the cylinders themselves receive this oscillation. 
In such cases the connecting-rods are dispensed with, and the 
ends of the piston-rods are immediately jointed to the cranks. 
The oscillation of the piston causes the motion of the valves neces- 
sary for the alternate admission and escape of the steam on the 
one and the other side of the piston. 

50. The number of cylinders varies, being generally two, but 
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sometimes three, sometimes four, and sometimes, though very 
exceptionally, only one. 

The position of the cylinders is suhject to great variation. 
They are placed with their axes sometimes vertical, sometimes 
horizontal, and sometimes oblique. 

51. The proportion of the diameter to the stroke is suhject to 
like variation. The general tendency has been to increase the 
relative magnitude of the diameter, which in recently built 
engines is sometimes more than twice the stroke, and rarely less 
than two-thirds of it. Thus in the engines of the " Niger," con- 
structed by Messrs. Maudslay and Field, the cylinders have 48 
inches diameter, with only 22 inches stroke ; and in the " Simoom," 
by Boulton and Watt, they have 44 inches diameter, with 30 
inches stroke. 

The object of shortening the stroke is to diminish the momentum 
of the piston, of which the motion requires to be so frequently 
reversed. 

52. In engines constructed on the oscillating principle, the top 
of the piston-rod is coupled with the crank, and the piston-rod 
moves backward and forward in the direction of the axis of the 
cylinder, while its extremity revolves in a circle with the crank. 
It is therefore necessary that the cylinder should oscillate from 
side to side, to accommodate the motion of the piston-rod to that 
of the crank. For this purpose the cylinder is provided on each 
side with a short hollow pivot or trunnion, on which it swings ; 
and through one of these trunnions the steam enters the cylinder 
from the boiler, while it escapes through the other to the condenser. 
The alternate admission and escape of steam on the one side and 
the other of the piston, is regulated by a valve attached to the 
cylinder and swinging with it. In the larger class of engines, 
however, two valves are usually employed for this purpose, and 
are so arranged as to balance one another. 

Oscillating engines are usually placed immediately under the 
cranks, and occupy no' greater length in the vessel than the 
diameter of the cylinder. On the shaft which connects the 
engine, called the intermediate shaft, a crank is forged which 
in its revolutions gives motion to the piston of the air-pump. 

53. The arrangements generally employed at present in the most 
improved vessels propelled by oscillating engines, will be understood by 
reference to fig. 10, which represents the transverse section of the steam- 
yacht "PeterhofiV constructed for the Emperor of Russia, by Messrs. Rennie, 
and fig. 11, which is a side view of the engines of the same vessel. These 
figures are copied with the permission of the publishers and the authors, 
from the article on the steam -engine, in the last edition of Brande's 
" Dictionary of Science. n A, A are the cylinders ; b, b are the piston-rods, 
which are connected immediately with the cranks o, o ; d is a crank on 
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eccentrics on the intei 
mfdiatf shaft, whereb 
the valves p, f are moved 
H is a handle, whereby th 
engines may be stopped 
started, or reversed; i, 
are the steam-pipes lead 
ingto the steam-trunnion 
x, k, on which, and o: 
other trunnions, connect© 
with the pipe x, the cylin 
ders oscillate ; h, h ar 
pomps, the pistons c 
which are attached to th 
trunnions, and are work© 
by the oscillation of th 
cylinders ; o is the waste 
water pipe, through whicl 
the water which has accomplished the function of condensing the steam i 
ejected over-board. The same letters refer to the same parts in the two figures 

54. To obtain from the moving power its fall amount of mecha 
nieal effect in propelling the vessel, it would be neoessary that i 
should constantly act against the water in a horizontal direction 
and with a motion contrary to the course of the vessel. No systen 
of propellers has, however, yet been contrived capable of perfect!; 
accomplishing this. Patents have been granted for man; 
ingenious mechanical combinations to impart to the propelling 
surfaces such angles as appeared to the respective contrivers mos 
advantageous. In most of these the mechanical complexity ha 
formed a fatal objection. No part of the machinery of a steam 
vessel is so liable to become deranged tX sea as the propellers 
and, therefore, that simplicity of const™ ?tion which is compatibl 
with those repairs which are possible on such emergencies is quit 
essential for safe practical use. 

65. The ordinary paddle-wheel, as has been already stated, is a whec 
revolving upon a shaft driven by the engine, and carrying upon its cii 
cumference a number of flat boards, called paddle-boards, which ar 
secured by nuts and braces in a fixed position ; and that position is sue 
that the planes of the paddle-boards diverge from the centre of the shai 
on which the wheel turns. The consequence of this arrangement is that eac 
paddle-board can only act in that direction which is most advantageous fc 
the propulsion of the vessel when it arrives at the lowest point of the whee 
In fig. 12, let o be the shaft on which the common paddle-wheel revolves 
the positions of the paddle-boards are represented at a, b, o, &c. ; x 
represents the water-line, the course of the vessel being supposed to I 
from x to y; the arrows represent the direction in which the paddle-wha 
160 
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revolves. The wheel is immersed to the depth of the lowest paddle-board, 
since a less degree of immersion would render a portion of the surface of 
each paddle-board mechanically useless. In the position A, the whole 
force of the paddle-board is efficient for propelling the vessel ; but as the 
paddle enters the water in the position h, its action upon the water not 
being horizontal, is only partially effective for propulsion : a part of the 
force which drives the paddle is expended in depressing the water, and the 
remainder in driving it contrary to the course of the vessel, and, therefore, 

Kg. 12. 




by its re-action producing a certain propelling effect. The tendency, how • 
ever, of the paddle entering the water at h is to form a hollow or trough, 
which the water, by its ordinary property, has a continual tendency to fill 
up. After passing the lowest point a, as the paddle approaches the posi- 
tion b, where it emerges from the water, its action again becomes oblique, 
a part only having a propelling effect, and the remainder having a tendency 
to raise the water, and throw up a wave and spray behind the paddle- 
wheel. It is evident that the more deeply the paddle-wheel becomes 
immersed, the greater will be the proportion of the propelling power thus 
wasted in elevating and depressing the water ; and if the wheel were 
immersed to its axis, the whole force of the paddle-boards, on entering and 
leaving the water, would be lost, no part of it having a tendency to propeL 
If a still deeper immersion take place, the paddle-boards above the axis 
would have a tendency to retard the course of the vessel. "When the vessel 
is, therefore, in proper trim, the immersion should not exceed nor fall 
short of the depth of the lowest paddle ; but for various reasons it is 
impossible in practice to maintain this fixed immersion : the agitation of the 
surface of the sea causing the vessel to roll, will necessarily produce a great 
variation in the immersion of the paddle-wheels, one becoming frequently 
immersed to its axle, while the other is raised altogether out of the water. 
Also the draught of water of the vessel is liable to change, by the variation 
in the cargo ; this will necessarily happen in steamers which take long 
voyages. At starting they are heavily laden with fuel, which as they 
proceed is gradually consumed, whereby the vessel is lightened. 



STEAM NAVIGATION, 



56* To remove this defect, and economise as much as possible the 
propelling effect of the paddle-boards, it would he necessary so to 
construct them that they may enter and leave the water edgeways, 










or as nearly so as possible ; such an arrangement would he, in 
effect, equivalent to the process called feathering, as applied to 
oars. Any mechanism which would perfectly accomplish this 
would cause the paddlea to work in almost perfect silence, and 
would very nearly remove the inconvenient and injurious vibration 
which is produced by the action of the common paddles. But the 
construction of feathering paddles is attended with great difficulty, 
under the peculiar circumstances in which such wheels work. 
Any mechanism bo complex: that it could not he easily repaired 
when deranged, with such engineering implements and skill as 
can be obtained at sea, would be attended with great objections. 

Feathering paddle-boards must necessarily have a motion inde- 
pendently of the motion of the wheel, since any fixed position which, 
could be given to them, though it might be most favourable to 
their action in one position, would not be so in their whole course 
through the water. Thus the paddle-board when at the lowest 
point should be in a vertical position, or so placed that its plane, 
if continued upward s, would pass through the axis of the wheel. 
In other positions, however, as it passes through the water, it 
should present its upper edge, not towards the axle of the wheel, 
but towards a point above the highest point of the wheel. The 
precise point to which the edge of the paddle-hoard should be di- 
rected is capable of mathematical determination. But it will vary 
according to circumstances, which depend on the motion of the 
vessel. The progressive motion of the vessel, independently of 
the wind or current, must obviously be slower than the motion of 
the paddle -buards round the axle of the wheel ; since it is by the 
difference of these velocities that the re- action of ihfi water is pro- 
duced, by which the vessel is propelled. The proportion, however, 
between the progressive speed of the vessel and the rotative speed 
of the paddle-beards is not fixed ; it will vary with the shape and 
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structure of the vessel, and with its depth of immersion ; never- 
theless it is upon this proportion that the manner in which the 
paddle-boards should shift their position must be determined. If 
the progressive speed of the vessel were nearly equal to the rotative 
speed of the paddle-boards, the latter should so shift their position 
that their upper edges should be presented to a point very little 
above the highest point of the wheel. This is a state of things 
which could only take place in the case of a steamer of a small 
draught of water, shallop-shaped, and so constructed as to suffer 
little resistance from the fluid. On the other hand, the greater 
the depth of immersion, and the less fine the lines of the vessel, 
the greater will be the resistance in passing through the water, 
and the greater will be the proportion which the rotative speed of 
the paddle-boards will bear to the progressive speed of the vessel. 
In this latter case the independent motion of the paddle-boards 
should be such that their edges, while in the water, shall be pre- 
sented towards a point considerably above the highest point of the 
paddle-wheel. 

A vast number of ingenious mechanical contrivances have been 
invented and patented, for accomplishing the objeots just explained. 
Some of these have failed from the circumstance of their inventors 
not clearly understanding what precise motion it was necessary to 
impart to the paddle-boards ; others have failed from the com- 
plexity of the mechanism by which the desired effect was produced. 

57. One of these contrivances of late construction is represented in 
fig. 11, being the paddle-wheel of the Russian steamer "Peterhoff." 
To convey a general idea of the feathering principle, however, we 
have represented in fig. 14 the form of wheel known as Morgan's 
paddle-wheel. 

This contrivance may be shortly stated to consist in causing the wheel 
which bears the paddles to revolve on one centre, and the radial arms 
which move the paddles to revolve on another centre. Let abodbfgh 
i k l be the polygonal circumference of the paddle-wheel, formed of 
straight bars, securely connected together at the extremities of the spokes 
or radii of the wheel which turns on the shaft which is worked by the 
engine ; the centre of this wheel being at o. So far this wheel is similar 
to the common paddle-wheel; but the paddle-boards are not, as in the 
common wheel, fixed at A b o, &c, so as to be always directed to the 
centre o, but are so placed that they are capable of turning on axles which 
are always horizontal, so that they can take any angle with respect to the 
water which may be given to them. From the centres, or the line joining 
the pivots on which these paddle-boards turn, there proceed short arms k, 
firmly fixed to the paddle-boards at an angle of about 120°. On a motion 
given to this arm K, it will therefore give a corresponding angular motion 
to the paddle-board, so as to make it turn on its pivots. At the extremi- 
ties of the several arms marked K is a pin or pivot, to which the 
extremities of the radial arms l are severally attached, so that the angle 
between each radial arm l and the short paddle arm k is capable of being 
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changed by any motion imparted to l ; the radial arms are connected at 
the other end with a centre, round which they are capable of revolving. 
Now, since the points A b o, &c, which are the pivots on which the paddle- 
boards torn, are moved in the circumference of a circle, of which the centre 
is o, they are always at the same distance from that point, consequently they 
will continually vary their distance from the other centre P. Thus, when 
a paddle ; board arrives at that point of its revolution at which the centre 

Fig. 14. 




round which it revolves lies precisely between it and the centre o, its 
distance from the former centre is less than in any other position. As it 
departs from that point, its distance from that centre gradually increases 
until it arrives at the opposite point of its revolution, where the centre o 
is exactly between it and the former centre ; then the distance of the 
paddle-board from the former centre is greatest. This constant change of 
distance between each paddle-board and the centre p is accommodated by 
the variation of the angle between the radial arm l and the short paddle- 
board arm k : as the paddle-board approaches the centre p, this gradually 
diminishes ; and as the distance of the paddle-board increases, the angle is 
likewise augmented. This change in the magnitude of the angle, which 
thus accommodates the varying position of the paddle-board with respect 
to the centre p, will be observed in the figure. The paddle-board » is 
nearest to p ; and it will be observed that the angle contained between L 
and k is there very acute; at b the angle between l and k increases, 
1M 
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but is still acute ; at o it increases to a right angle ; at h it becomes 
obtuse ; and at k, where it is most distant from the centre p, it becomes 
most obtuse. It again diminishes at l, and becomes a right angle between 
a and b. Now this continual shifting of the direction of the short arm K 
is necessarily accompanied by an equivalent change of position in the 
paddle-board to which it is attached ; and the position of the second centre 
p is, or may be, so adjusted that this paddle-board, as it enters the water 
and emerges from it, shall be such as shall be most advantageous for pro- 
pelling the vessel, and therefore attended with less of that vibration which 
arises chiefly from the alternate depression and elevation of the water, 
owing to the oblique action of the paddle-boards. 

58. Field's split paddles.— hi the year 1833, Mr. Field, of the firm of 
Maudslay and Field, constructed a paddle-wheel with fixed paddle-boards, 
but each board being divided into several narrow slips arranged one a little 
behind the other, as represented in fig. 15. These divided boards he pro- 
Fig. 15. 




posed to arrange in such cycloidal curves that they must all enter the 
water at the same place in immediate succession, avoiding the shock pro- 
duced by the entrance of the common board. These split paddle-boards 
are as efficient in propelling when at the lowest point as the common 
paddle-boards, and, when they emerge, the water escapes simultaneously 
from each narrow board, and is not thrown up, as is the case with common 
paddle-boards. 

The number of bars, or separate parts into which each paddle-board is 
divided, has been very various. When first introduced, each board was 
divided into six or seven parts : this was subsequently reduced ; and in 
the wheels of this form constructed for the government vessels, the paddle- 
boards consist only of two parts, coming as near to the common wheel 
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as is possible, without altogether abandoning the principle of the split 
paddle. 

59. The paddle-wheels generally used in American steam-boats are 
formed, as if by the combination of two or more common paddle-wheels, 
placed one outside the other, on the same axle, but so that the paddle- 
boards of each may have an intermediate position between those of the 
adjacent one, as represented in fig. 16. 

The spokes, which are bolted to cast-iron flanges, are of wood. These 

flanges, to which they are so 
Fig. ]«. bolted, are keyed upon the 

paddle-shaft. The outer ex- 
tremities of the spokes are 
attached to circular bands or 
hoops of iron, surrounding 
the wheel; and the paddle- 
boards, which are formed of 
hard wood, are bolted to the 
spokes. -The wheels, thus 
. constructed, sometimes con- 
] I sist of three, and not unfre- 
quently four, independent cir- 
cles of paddle-board 8, placed 
one beside the other, and so 
adjusted in their position, 
that the boards of no two 
divisions shall correspond. 

The great magnitude of the 
paddle-wheels, and the cir- 
cumstance of the navigation 
being carried on, for the most 
part, in smooth water, have 
rendered unnecessary, in Ame- 
rica, the adoption of any of 
tfcose expedients for neutralising the effects of the oblique action of the 
paddles, which have been tried, but hitherto with so little success, in Europe.* 

60. The practical objections to the use of the feathering prin- 
ciple in general, go far to balance the advantages attending them. 
According to Mr. Bourne, whose skill and experience on this 
subject entitle his opinion to the highest respect, all expedients 
of this class are expensive, both to make and maintain. The 
wear and friction in such a multitude of joints is very consider- 
able ; and if any of the arms get adrift, or break, they will be 
whirled round like a flail, and may perhaps out through the 
pnd die-box, or even the vessel. If the injury be of such a nature 
that the wheels cannot be turned round (and this has sometimes 
happened), it will follow that the engines will be virtually dis- 
abled until the obstruction can be cleared away; and if the 
weather be very stormy, or the vessel be in a critical situation, 

* For a notice of the inland steam navigation of the United States, see 
"Railway Economy,** chap. xvi. Also "Museum of Science and Art," 
vol. ii. p. 17. 
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she may be lost in consequence of her temporary derangement. 
Upon the whole, therefore, the application of feathering wheels to 
vessels intended to perform long voyages through stormy seas, 
appears to be of doubtful propriety. For ohannel trips, and in 
situations where the wheels can be carefully examined at short 
intervals, the risk is not so great; but in that case nearly the 
same benefits will be attained by increasing the length of the 
paddle-floats, and giving the wheels less dip. There is no mate- 
rial difference between the performance of a feathering wheel and 
that of a. radial wheel, if the two wheels be of the same diameter, 
and if they have both a light dip with long narrow floats. And, 
as in sea- going vessels, the wheels must necessarily be of con- 
siderable diameter, and as there is nothing to prevent the other 
circumstances conducive to efficiency from being observed, it 
follows that in ocean-vessels radial wheels would be about as 
efficient as feathering wheels, but for the circumstance of a vari- 
able immersion. It is not necessary, however, that there should 
be much variation in the immersion if large vessels be employed, 
or if coal is more frequently taken on board during the voyage ; 
and as neither of these alternatives is attended with the risk 
incident to the use of feathering wheels, they appear to be entitled 
to that preference which ultimately they are likely to obtain. 

61. In oscillating engines the piston-rod is usually made one- 
ninth of the diameter of the cylinder, and the crank -pin is made 
about one-seventh of the diameter of the cylinder. The diameter 
of the paddle-shaft must have reference not merely to the 
diameter of the cylinder, but also to the length of the stroke of 
the piston, or, what is the same thing, to the length of the crank. 
If the square of the diameter of the cylinder in inches be multi- 
plied by the length of the crank in inches, and the cube- root of 
the product be extracted, then that root multiplied by *242 will 
give the diameter proper for the shaft in inches at the smallest 
part. The diameter of the trunnions is regulated by the diameter 
of the steam and eduction pipes, and these are each usually about 
one-fifth of the diameter of the cylinder ; but it is better to make 
the steam trunnions a little less, and the eduction trunnions a 
little more, than this proportion. The steam and eduction pipes, 
where they enter their respective trunnions, are kept tight by a 
packing of hemp, which is compressed by a suitable ring or 
gland, tightened by screws. In land engines the air-pump and 
condenser are each made about one-eighth of the capacity of the 
cylinder, but in marine engines they are made somewhat larger. 

62. Submerged propellers, whatever be their form, are exempt 
from many of the disadvantages which are common to every 
species of paddle-wheel. It will be evident that the effect of 
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finch a propeller will be nearly the same, whatever position may 
be given to it in the water. However the ship may pitch or roll, 
<>r however unequal the surface of the sea may be, such a pro- 
peller will always produce the same backward current without 
any variation of effect. 

The circumstances which prevent the co-operation of the power 
of steam with that of the sails in steam-vessels propelled by the 
common paddle-wheels, will not operate with submerged pro- 
pellers, inasmuch as their effect is altogether independent of the 
careening of the ship. 

63. But though this defect is remedied, the submerged pro- 
pellers in general are still subject to objections, to which even the 
common paddle-wheel is not obnoxious. Being permanently 
submerged and liable to accident, fracture, and derangement from 
various causes, they are inaccessible, and cannot be repaired at 
sea. But, besides this, when the object in view is to take full 
advantage of the power of the sails at times when it is expedient 
to suspend the action of the machinery, the submerged propeller 
becomes an obstruction, more or less considerable, to the progress 
•of the vessel. Various expedients have been contrived, and in 
some instances practically applied, by which the propeller can be 
lifted out of the water when it is not in operation, but hitherto 
this has not been found practically convenient, at least for com- 
mercial vessels, though sometimes adopted for vessels of war. 

64. The screw-propeller is similar in form and mechanical prin- 
ciple to the hydraulic machine known as tbe screw of Archimedes. 
A cylinder placed at the bottom of the vessel, and in the direction 
of the keel, is surrounded by a spiral blade similar, precisely, to 
the thread of a common screw, but projecting from it instead of 
being cut into its surface. If such a screw were turned in a 
solid, it would move forward through a space equal to the distance 
between two contiguous threads in each revolution ; but the water, 
not being solid, yields more or less to the re-action of the screw, 
and consequently the screw moves forward through a space in each 
revolution less than the distance between two contiguous threads. 

65. The distance between two contiguous threads is technically 
called the pitch of the screw ; a term, however, which is some- 
times also used to express the angle formed by the blade of the 
screw with its axis, such angle supplying the means of calculating 
the distance between such contiguous threads. We shall here, how- 
ever, use the term pitch in the former sense. The difference between 
the pitch of the screw and the space through which the screw actu- 
ally progresses in the water in one revolution is called the slip. 

In the first vessels to which screw-propellers were applied, the 
screw consisted of a single spiral blade, which made one convo- 
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lution only round the cylinder. This arrangement was subse- 
quently modified, and two convolutions and a half of a double* 
threaded screw were used instead of one complete convolution of a 
single-threaded screw. This plan has been occasionally varied, a 
smaller fraction of a convolution being sometimes used. 

It is found in practice that the amount of the slip in general 
varies from one-tenth to one-twentieth of the pitch ; that is to 
say, the actual velocity of the sorew through the water is from 
one-tenth to one-twentieth less than it would be if the sorew 
worked through a solid, or as an ordinary screw in its nut. 

66. The screw-propeller is usually fixed upon an axis parallel 
to the keel of the vessel, and mounted in a space in the dead wood 
between the stern-post and rudder-post. It is usually suspended 
on a short shaft, carried by a metal frame, having a rack on each 
side, in which endless screws work, by means of which the frame 
supporting the propeller can be lifted out of the water, so that the 
screw can be repaired if required or a new one introduced without 
putting the vessel into dock. 

To enable the water to react in a manner analogous to that in 
which the nut reacts upon the common screw, the thread requires 
to be much deeper than .if the sorew worked in metal or wood, 
and the pressing surface to be proportionally larger. Accordingly 
screw-propellers are always made with much smaller central bodies, 
and a much deeper thread than the common screw.. They are also 
made as large as possible in diameter, extending generally from 
the keel to a point nearly level with the surface of the water. Thus 
the diameter of the screw is little less than the draft of the vessel. 

67. To convey some idea of the forms of screw-propellers, we 
have represented in the annexed figures the forms of some of the 
propellers most generally adopted. 

In fig. 17 is represented a perspective view of Smith's screw-propeller, 
with two threads or blades, as finally adopted in her Majesty's steamer 
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4 * Rattler." This is the form of the screw now most generally adopted in the 
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British navy. An end view or an elevation looking against the end of the 
sLaft is shown in fig. 18. Smith's three-thread screw differs from this 
only in having three arms instead of two. 

Fig. 21. 
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Strimman's propeller is shown by an end view in fig. 19, and a side 
view in fig. 20. 

Sunderland's propeller, as applied in the "Battler," is shown in fig. 21, 
consisting of two fiat plates, set npon arms, fixed to an axis revolving 
beneath the water in the stern. In the "Battler," this propeller was placed 
in the stern in the dead wood, instead of projecting out behind the rudder 
as in the Sunderland arrangement. 

In fig. 22 is represented WoodcrofVs propeller, also applied in the 
"Rattler." This has four arms or blades, and the pitch of the screw at its 
leading edge is less than the pitch at its terminal edge. 

In fig. 23 * is represented, as set in the stern of the vessel, the form 
of Hodson's screw, from which excellent results are said to have been 
obtained. This form of screw has been much used in France, Holland, 
and other countries of the continent; and in some cases in which the com- 
mon screw has been superseded by a screw of this description, an 
improvement has been obtained in the speed amounting to about a knot 
an hour. Such results will only ensue when the original screw has been 
of inadequate dimension, so that the loss by slip has been large in amount, 
and the more the slip is reduced, the less will become the advantage of 
any deviation from Smith's form of screw with uniform pitch. t 

* Figs. 17 to 23 have been taken, with the permission of the author 
from Mr. Bourne's work " on the Screw-propeller." 
+ Bourne " on the Screw-propeller," p. 136. 
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CHAPTEE IV. 

68. Effect of the screw-propeller reaction on the vessel. — 69. Their best 
practical proportion. — 70. Their varying pitch. — 71. Relative advantages 
of screw and paddle-wheels. — 72. Their effects in long sea-voyages. 
—73. Experiments with the "Rattier" and "Alecto."— 74. These 
experiments continued. — 75. Admiralty experiments. — 76. Govern- 
ment report. — 77. Application of the screw in the commercial marine. 
— 78. Application of screw to mail-vessels. — 79. Geared and direct 
action. — 80. Geared-engines. — 81. Fairbairn's internal gearing. — 82. 
Subdivision of the power among several cylinders. — 83. Protection 
from shot — 84. Regulation of slides. — 85. Relative speed of screw and 
vessel.— -86. Engines of the "Great Britain." — 87. Engines of the 
"Arrogant" and "Encounter." — 88. Various forms of screw-engines. 
— 89. Cross action of H. M.'s screw steam-packet "Plumper." — 
90. Auxiliary steam-power. — 91. Effect of screw-vessels head to 
wind. — 92. Nominal and real horse-power. — 93. Official tables of the 
strength of the steam-navy. 

68. The screw, whatever be its form or structure, in driving 
the water sternwards, sustains a corresponding reaction which takes 
effect upon the screw-shaft, and produces an equivalent pressure 
on its bearing to its anterior extremity. The force of this forward 
thrust of the screw-shaft, combined with its velocity of rotation, 
produced, in the earlier screw-vessels, considerable inconvenience 
in consequence of the friction attending it, and several cases 
Iarpner's Museum or Sctehci. x l&l 
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occurred where the end of the shaft being rendered white-hot was 
actually welded to the steel plate against which it pressed, although 
a stream of water was continually running over the surface in 
contact. Yarious expedients have since then been proposed for 
remedying this inconvenience. One of these was to let the end of 
the shaft enter a tight cylinder of oil in the manner of a piston, 
so that it would "press against a liquid instead of a solid. Another 
was to place a large collar upon the shaft which should press 
against a number of balls or small rollers like those of a swivel- 
bridge. Neither of these plans, however, appears to have been 
so successful as to get into general use, and one or other of the 
following expedients is now generally adopted. The thrust of 
the screw-shaft is received either upon a number of collars or a 
series of discs placed at the end of the shaft and resting on a 
cistern of oil which is usually cast upon the base plate or some 
solid part of the engine, and its end is sufficiently strong to bear 
the thrust of the screw. Interposed, however, between the end of 
the cistern and that of the shaft are two, three, or more discs of 
metal, generally two inches thick, and having diameters equal to* 
that of the shaft. A bolt passes through their centre to keep 
them in line, but they are each free to revolve in the bolt, and' 
where the shaft passes out of the cistern a collar of leather is 
applied to prevent the oil from escaping. It will be obvious from 
such an arrangement that if the end of the shaft which it* presses- 
upon the discs begins to heat from undue friction, it will revolve 
with somewhat more difficulty, and will consequently carry the- 
first disc round with it. The rubbing surfaces are therefore no*' 
longer at the end of the shaft, but at the first disc and the second 
disc In fact the rubbing surfaces, instead of being limited to a 
single disc, are distributed over several. Those surfaces which 
begin to heat, and consequently to stick, will cease to rub, whereby 
they will speedily become cool again and their efficiency conse- 
quently be restored. (See Mr. Bourne's article on the "Screw- 
Propeller" in the Appendix to Brando's "Dictionary of Science 
and Art.") 

69. According to the same authority the best practical propor- 
tion and form of screw-propellers for mercantile vessels are as. 
follows. Those of three blades are on the whole preferable. The* 
diameter should be as large as possible. When the area of the 
circle described by the extremity of the arms of the screw has one 
square foot for every two-and-a-half square feet in the area of 
the midship section immersed, a very efficient performance is- 
obtained. The pitch of the screw should be equal to its diameter,, 
or perhaps a little exceed it, and the length measured parallel to 
its shaft should be about one-sixth of a convolution. Thus,, fa* 
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example, in the case of a screw 12 feet in diameter, the pitch 
would be from 12 to 14 feet, and the length about 2 feet. 

70. Screws are generally made with one uniform pitch, and 
their blades are set at right angles to the shaft. A gradual 
increase of pitch towards the leading end of the screw is, how- 
ever, recommended. Thus, the pitch of the centre should be 
about 10 per cent, less than at the circumference, for the centre 
should merely screw through the water, without producing any 
reaction or propelling force. The efficient part being near the 
circumference, it is also recommended that the blades, instead of 
being precisely perpendicular to the shaft, should be inclined a 
little sternwards, so as to produce a tendency in the water which 
they drive backwards to converge to a point. It is assumed that 
this convergent tendency may balance the divergent tendency due 
to the centrifugal force attending the revolution : so that the two 
forces being in equilibrium will cause the water to be projected 
backwards from the screw in a cylindrical column. In the case 
of the ordinary screw, with blades at right angles to the shaft, 
the water projected backwards assumes the figure of the frustum 
of a cone, and a certain proportion of the power is thereby lost. 

71. The relative advantages of screw and paddle-propellers 
depend in a great degree upon the immersion. It appeared from 
experiments made on a considerable scale with steamers of the 
Royal Navy, that in deep immersion the screw has an advantage 
over the paddle-wheel of one-and-a-half per cent. ; but that, 
with medium immersion, the paddle-wheel had an advantage of 
one-and- three- quarters per cent, over the screw, an advantage 
which was augmented to four-and-three-quarters per cent, for 
light immersions. It appears, therefore, that the screw-propeller 
has a certain advantage over the paddle when the vessel is deep 
in the water, and that, on the other hand, the paddle gains an 
advantage over the screw in proportion as the immersion is less. 

72. In long «ea voyages, where the immersion is liable to con- 
siderable variation by reason of the lightening of the vessel owing 
to the consumption of the fuel, the screw will have the advantage 
over the paddle in the commencement of the voyage, and the paddle 
over the screw towards the end of it. In rough weather, where, 
by the rolling and pitching of the vessel, the paddle-wheels are 
liable at one time to be deeply plunged in the water, and at another 
to be raised out of it, the screw will have an obvious advantage. 

73. In his work upon the screw-propeller, Mr. Bourne has 
given the details of a series of important experiments made with 
H. M. steamers "Rattler" and "Alecto," to determine the 
relative advantages of screw and paddle-wheels against a head 
wind. The result of these experiments seemed to prove, that 
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tinder such conditions the screw fa less efficient than the paddle ; 
for though both vessels attained the same speed of four knots 
against a strong head wind, yet, in the case of the " Alecto," this 
performance was attained with a velocity of the engine of 12 
strokes per minute, whereas in the "♦Rattler " it was only attained 
with a velocity of the engine of 22 strokes per minute. It follows, 
therefore, that a screw-vessel in proceeding head to wind will 
require 1*8 times, or nearly twice the quantity of fuel to do the 
same amount of work. The screw, in fact, revolves at nearly the 
same velocity whether the wind is adverse or favourable, or 
whether the vessel is lying at anchor ; and this is a serious defect 
in the case of vessels intended to encounter adverse winds. In the 
case of vessels, however, which use the screw only as a resource in 
calms, or as an auxiliary to the sails, this disadvantage will not be 
experienced, since such vessels have no pretensions to the capability 
of proceeding in direct opposition to a strong head wind. 

74. Among the experiments made with the "Alecto" and 
"Rattler," some of the most interesting and important were 
directed to the determination of the relative towing powers of the 
screw and paddle-wheel. For this purpose the two ships were 
lashed stern to stern, and the engines of both were set to work so 
as to make them draw the connecting chain in opposite directions. 
In these and all other cases where screw and paddle-vessels of 
equal power and size have been thus connected, the screw-vessel 
has preponderated, and towed the paddle-vessel as soon as the 
engines were set to work. 

When the "Rattler" and "Alecto" were lashed together in this 
manner, the " Alecto' s " engines were set on first, and she was 
allowed to tow the " Rattler" at the' rate of two knots an hour. 
The " Rattler's " engines were then set on. In five minutes the 
two vessels became completely stationary. The " Rattler " then 
began to move ahead, and towed the " Alecto " against the whole 
force of her engines, at the rate of 2*8 knots per hour. In like 
manner the "Niger" towed the " Basilisk " astern, in opposition 
to the force of her engines at the rate of 1*1 knots per hour. The 
natural inference from this experiment would be that the screw is 
more suitable for towing than the paddle ; yet this inference is not 
confirmed by the experiment, for when the " Niger " and 
"Basilisk" were each set to tow the other alternately, in the 
usual manner in which a steamer tows a ship, it was found that 
the " Niger " towed the " Basilisk " at a speed of 5-63 knots, with 
593*9 horse-power, and that the "Basilisk" towed the "Niger" 
at the rate of 6 knots, with 572*3 horse-power. The paddle- 
vessel, therefore, accomplished in towing the largest speed with 
the least power. It has also been found that when a paddle 
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and screw- vessel set stern to stern push one another instead of 
pulling one another, the paddle- vessel preponderates, whereas, if 
they pull, the screw-vessel preponderates. These circumstances 
seem to show that the power of a screw- vessel to tow a paddle- 
vessel astern, when the two are tied together, does not arise from 
any superior tractive efficacy of the screw itself, but is due to the 
centrifugal action of the screw, which raises the level of the water 
at the stern, so that the vessel gravitates down an inclined plane.* 

75. The first experiments tried by the Admiralty with the 
screw-propeller were made in 1840-41 ; and in the next three 
years, 1842-44, eight screw vessels were built. This number was 
augmented by twenty-six in 1845. In 1848 there were not less 
than forty-five government screw-steamers afloat ; and since that 
time, and more especially since the commencement of the war 
with Russia, the increase of the screw-steam navy has gone on at 
a rate which justifies the conclusion that ere long no vessel of 
war, of whatever class, in the British navy will be unprovided 
with the power, to a greater or less extent, of steam propulsion. 

76. In a government official report of the results of various trials 
of the performance of screw-steamers, dated so far back as May 
1850, before that propeller had yet reached its present state of 
perfection, it is stated as then highly probable that fine sailing 
vessels, fitted with auxiliary screw-power, would be found able, 
if not to rival, at least to approach, full-powered and expansively 
acting steam-ships, in respect of their capability of making a long 
voyage with certainty and in a reasonably short time. 

" Another application of the screw, although inferior in general 
importance to its application as a propeller to ordinary ships," 
says the same report, " is certainly deserving of more attention 
than is commonly paid to it, namely, as a manoeuvrer to those 
large ships in which engines of considerable power cannot be 
placed, or in which it is considered unadvisable to place them. 
No doubt can be entertained of the efficiency of such an instru- 
ment worked by an engine of even fifty horse-power. The full 
extent, however, of its utility cannot perhaps be thoroughly 
appreciated until it shall have been extensively used in her 
Majesty's navy." 

Since the date of this report that experience which was wanted 
has been obtained, and the extensive use of the screw has been 
adopted, and the results fully confirm all those anticipations. 

77. But it is not only in her Majesty's navy, but in the national 
commercial marine, and not only as an auxiliary propeller, but as 
an independent and most efficient agent of propulsion, that the 
screw has been found to answer in practical navigation. In 1849, 

* Bourne "on the Screw-propeller," Chap. IV. 
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before it had yet attained all its present degree of perfection, it 
was in extensive operation under the direction of the General 
Screw Shipping Company. Seven vessels belonging to that com- 
pany were in operation during the twelve months ending 31st 
Deoember, 1849, during which time they performed 170 voyages, 
being an average of about 24§ voyages per vessel. The total dis- 
tance run was 110849 geographical miles, being at the average 
rate of 15835 miles per vessel, and about 648 miles per voyage. The 
average speed was 8 to 8£ geographical miles per hour, and only one 
casualty, and that one in the Thames, occurred during the year. 

The speed of the best and most recent of these vessels in still 
water, running the measured mile in the long reach of the Thames, 
was found to be 9*68 knots per hour. 

78. Practical authorities have suggested, that the greatly in- 
creased and rapidly increasing number of screw ships running 
between the British and American ports, suggests the expediency 
of a revision of the post-office contracts, with a view to public 
economy, without any real sacrifice of efficiency. It is considered 
that no difference of time worthy of consideration now prevails 
between the passages of the mail-packets and the screw-vessels ; 
but even admitting a difference, it is certainly not so great as that 
which exists between the speed of the mail and that of the 
express trains on railways. If then the mail contracts on the 
iron lines are sufficiently well performed by the trains of second- 
rate speed, why may not the like contracts on the lines of water 
be similarly executed, where the difference of cost would be 
enormous, and the difference of speed comparatively insignificant. 

It is obvious that these observations are applicable not only to 
the lines of steamers which carry the United States and Canadian, 
but also to the West Indian, and in a word, to all the ocean lines. 

79. But when screw propulsion is used, a much greater velocity 
of revolution is required to be given to the screw-shaft, — a much 
greater number of revolutions per minute being necessary, than 
the greatest number of strokes per minute made by any steam- 
engine of the common construction. It was necessary, therefore, 
in adopting screw propulsion, either to provide expedients by which 
the velocity of rotation of the screw-shaft shall be greater than 
that of the crank-shaft, in the requisite proportion, or to modify 
the form and proportions of the steam cylinders and their appen- 
dages, so that the number of strokes per minute should be aug- 
mented, so as to be equal to the necessary number of revolutions 
per minute of the screw-shaft. 

Both these contrivances have been adopted by different con- 
structors. Engines constructed on the former plan are called geared 
engines, and those constructed on the latter direct acting engines, 
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Fig. 24. 




30. In geared engines the cranks are formed on one shaft, and the screw 
'fixed upon another, the directions of the two shafts being parallel. On the 
crank-shaft is fixed a toothed-wheel, which 
works in a smaller one, called a pinion, fixed 
on the screw-shaft. Thus in fig. 24, a may 
"be regarded as the pinion fixed on the screw- 
shaft, and b the wheel fixed on the crank- 
shaft, the teeth of the one being engaged in 
those of the other at c. 

It is evident that the Telocity of rotation 
of a will be greater than that of c in the 
same proportion as that in which the number 

of teeth in o is greater than the number of teeth in A. It is always possible, 
therefore, with a given speed of the crank-shaft, to impart a speed greater 
in any required proportion to the screw-shaft by regulating in a cor- 
responding manner the proportion of the teeth in those geared wheels. 

81. One of the objections to the use of gearing in sea-going vessels is the 
liability of the teeth to rapid wear, and to fracture from sudden shocks in 
a rough sea. In order to diminish the risk of this by distributing the 
pressure over a greater number of teeth, Mr. Fairbairn has adopted in 
large screw-engines, constructed by him for the Royal Navy, a system of 
internal gearing in which the crank-shaft wheel has the teeth on its 
internal periphery, the screw-shaft pinion revolving within it, as shown 
in fig. 25. 

In screw- vessels of war, all the machinery should be placed 
below the water-line, so as to be as effectually protected from 
shot as the screw itself is. 

82. When direct-acting engines without gearing are applied to 
screw-propelled vessels, the reciprocating motion of the piston 
must he equal to the velocity 
of the screw, that is, the 
number of strokes per minute 
of the piston must be equal 
to the number of revolutions 
per minute of the screw. Now 
to render this compatible with 
a sufficiently moderate recti- .. 
linear motion of the piston, the -^ J 
length of the stroke must hear 
a very small proportion to the 
diameter of the cylinder. This 
has, in many cases, rendered 
it necessary in such vessels to 
subdivide the power of the 
•engines among four smaller cylinders, all the pistons being directly 
attached to cranks on the screw-shaft instead of producing it by 
two larger cylinders, in which an unmanageable proportion must 
be adopted between the diameter and the stroke. 

Another advantage derived from this subdivision of power is, that 
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a number of small cylinders, ranged often in a horizontal position 
on either side of the screw-shaft, allow of the play of all the 
reciprocating parts within a small height, so as to keep the whole 
below the water-line. 

83. Another expedient for the protection of the machinery from 
shot, is to place the coal-boxes on each side of it, and between it 
and the timbers of the vessel, so that before a shot could reach it, 
the fuel must be thoroughly penetrated. 

84. The efficiency of a marine, like that of a land engine, depends 
on the exact regulation of the slides by which the admission and 
escape of the steam to and from the cylinder is governed. In all 
cases the steam should be admitted at either end of the cylinder a 
little before the arrival of the piston there, and at the same 
moment the escape to the condenser should be stopped. By this 
means the piston, on arriving at the end of the stroke, is received 
by the steam just admitted mixed with a small portion of uncon- 
densed steam and air, whose escape to the condenser has been 
intercepted. These form a sort of air-cushion, against which the 
stroke of the piston is broken, an effect which is called by the 
practical men, not inappropriately, cushioning the piston. When 
the steam is worked expansively, the slides must be capable of 
such regulation as to shut it off at any required fraction of the 
entire stroke, and when not so worked, it ought at all events to 
be shut off before the stroke is quite completed, so as to relieve 
the piston from its action a little before the termination of the 
stroke. 

It is easy to conceive that, to accomplish all these points, the 
slides require the nicest imaginable adjustment ; and the openings 
for the admission and escape of steam, the most exact regulation 
both as to magnitude and position. 

85. It will be evident on comparing the pitch of the ordinary 
screw with the progressive rate at which the vessel moves through 
the water, that, to produce the necessary speed, a much greater 
velocity of rotation must be imparted to the screw, than is con- 
sistent with the ordinary rate at which steam-engines work. It 
has been already shown that this great velocity of rotation has 
been obtained either by the interposition of gearing so adapted as 
to augment the velocity, or by assimilating the engine in its form 
and structure to a locomotive. 

86. An example of a marine-engine, by which the necessary velocity is 
imparted to the screw-shaft, by means of intermediate gearing, is pre- 
sented in the case of the screw-engine constructed by Messrs. Fenn and 
Son, for the "Great Britain" steam-ship. The engines which are represented 
in fig. 26, are constructed on the oscillating principle, and are almost 
identical with the paddle-wheel engines, built by the same firm for 
A Se" Sphinx." 
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The "Great Britain " is a vessel of 3500 measured tons ; her tonnage by 
deplacement being 2970, and her draught 16 feet. The diameter of the 
cylinder is 824 inches ; the length of stroke, 6 feet ; the nominal power, 
500 horses ; the diameter of the screw, 154 ^ ee * > *•* pitch, 19 feet, and 
its length, 3 feet 2 inches* The screw has three arms or blades, and its 
shaft is connected with the crank-shaft by a pair of toothed-wheels, which 
have a multiplying power of 3 to 1, so that for every stroke of the piston, 
the screw-shaft revolves three times. The ample proportion of 174 square 
feet of heating surface per nominal horse-power, is provided in the boiler. 

The crank-shaft, being put in motion by the engine, carries round the 
great cog-wheel, or combination of cog-wheels, which are fixed upon it; 
and this wheel acting on smaller ones called pinions, on the screw-shaft, 
impart to the latter the threefold velocity of revolution just mentioned. 

87. As an example of screw-propelling engines working without gearing, 
we give in fig. 27 those constructed by Messrs. Penn and Son for H. M.'s 
screw-steamers "Arrogant" and "Encounter." In this case the cylinders 
are horizontal, and are traversed through the centre by a pipe or trunk, upon 
which the piston is cast. This trunk is projected through both ends of the 
cylinder — the orifices through which it passes being rendered steam-tight 
by proper packing. One end of the connecting-rod is attached to the 
centre of the trunk, the other end being connected with the crank, which 
is formed directly upon the screw-shaft. The air-pump lies in a horizontal 
position, is double-acting, and placed within the condenser. A large pipe, 
called the eduction pipe, leads from the cylinder to the condenser, where 
the condensation is produced by a jet of cold water, and the warm water 
resulting from the process is ejected by the air-pump through the waste- 
pipe, and discharged overboard. In fig. 27 one cylinder and one air- 
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pump only are represented, but it must be understood that there are two, 
precisely similar to each other, placed side by side. The valves by which 
the water is admitted to the air-pump from the condenser, and those by 
which it passes from the air-pump to the hot well and waste-pipe, con- 
sist of several discs of caoutchouc kept down by a central bolt, so as to 
cover radial slits or orifices in a perforated plate. These valves are found 
to operate without noise or shock, notwithstanding the high speed at which 
the engine must work, in order to give the necessary velocity to the screw- 
shaft without intervening gearing. The diameter of $he cylinder of the 
"Arrogant" and "Encounter" is 60 inches, and the diameter of the trunk 
24 inches ; the latter being deducted from the former, leaves an effective 
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piston area equal to that of a piston 55 inches in diameter. In the "Arrogant" 
the length of stroke is 3 feet, and in the "Encounter" it is 2 feet 3 indies. 
The nominal power of both engines is 360 horses ; and the diameter of the 
"Arrogant's" screw is 15 feet 6 inches, that of the "Encounter" being 12 feet. 
The pitch of both is 15 feet, and the length 2 feet 6 inches. The "Arrogant" 
is a vessel of 1872 tons burden, and the "Encounter" of 953 tons. The 
whole machinery, including the boilers, is placed below the water line, so 
as to be protected from shot.* 

88. The forms of screw-propelling engines, whether they act oil 
the screw-shaft by intermediate gearing or directly, are infinitely 
various. Drawings of not less than 15 different forma of geared- 
engines, and the like number of direct acting engines, are given 
in two large plates prefixed to Mr. Bourne's work on the screw- 
propeller, to which we most refer those who require information 
of this detailed description. In the vessels of the Royal Marine 
generally the cylinders are placed upon the aides, so that, by 
dimiTnwhing the total height of the machinery above the floor 
on which it rests, it may be kept below the water-line. In 
commercial vessels a form of engines is frequently employed 
resembling the land beam-engines, with the cylinder at one 
end of the beam, and the connecting-rod at the other. In such 
cases the connecting-rod extends downwards from the end of 
the beam to the crank. In either case the cylinder is inverted, 
and the connecting-rod proceeds from the end of the piston-rod 
to turn the crank, the end of the piston-rod being of course 
steadied by suitable guides. According to Mr. Bourne, the con- 
struction of the engines described above in the case of the 
•"Arrogant" and " Encounter " is, on the whole, the best for screw- 
vessels, but he thinks it might be preferable to put the trunk 
into the air-pump instead of the cylinder. He considers also that 
the condenser might be dispensed with, and the condensations 
performed in the air-pump. In that case the flow of water to 
and from the air-pump might be governed by a slide-valve,, 
similar to that which is employed to regulate the admission and 
escape of steam to and from the cylinder. It seems probable that 
slide-valves may be brought into general use for pumps of every 
sort, but in the case of ordinary ones for raising water these valves 
need not be like the common slide-valves, which in fact are not 
well adapted to give sufficient area for such purposes, but may 
consist of a short wide cylinder with gridiron orifices revolving 
slowly at the top and bottom of the air air-pump. 

89. The general arrangement of the machinery and fuel in screw- 
propelled vessels of the Royal Navy is iUustrated by the transverse 
section of H.M.'b screw steam-packet "Plumper," shown in fig. 28. 

* Figs. 26 and 27 are copied, with the permission of the publisher and 
the author, from Brande's "Dictionary of Science and Art," to which the 
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90. The question of auxiliary steam power to be used occa- 
sionally, as well for commercial as for war purposes, is one of the 
highest importance and interest, and one, moreover, which expe- 
rience has not yet enabled us perfectly to understand and 
elucidate. For commercial purposes the saving of fuel, when the 
vessel has favourable winds, and the adaptation of her structure 
to the conditions necessary for a sailing-vessel, is of the highest 
importance; and in naval warfare a propelling power, however 
inadequate it may be for constant propulsion and the maintenance 
of high speeds in long voyages, may nevertheless be all-sufficient 
for conducting vessels into action or into hostile ports. 

91. It has been already stated on the authority of Mr. Bourne, 
and as the result of experiments made on a large scale, that 
screw-vessels intended to go head to wind and work against 
head-seas, are not as efficient with the same consumption of fuel 
as paddle-wheel vessels. Under the combined operation of sails 
and steam, however, they are generally as efficient, and, when 
deeply laden, more so. A screw- vessel being divested of paddle- 
boxes partakes more of the character of a sailing-ship ; neverthe- 
less, from the experiments made with the "Niger" and " Basilisk," 
it does not appear that a screw-vessel is more efficient under sails 
than a paddle-vessel, though such a result may naturally be 
expected. The advantages, therefore, which attend the use of 
screw-propelling engines as an auxiliary power, do not result from 
any superiority of the screw as a propeller, nor from the increased 
facility which it presents for the application of sails, but are to be 
ascribed to the late employment in screw- vessels of wind-power 
which costs nothing, instead of steam-power which costs much, 
and also to the maintenance of lower rates of speed than are 
thought necessary in paddle-wheel vessels. The screw is a less 
cumbrous propeller than the paddle, and since it permits a much 
higher speed of the engine, a greater engine power may be com- 
pressed in a smaller compass. 

On the whole, therefore, the screw for all the purposes of 
auxiliary propulsion is much to be preferred ; nevertheless it must 
be understood that its superior eligibility is not so much due to 
its greater efficiency, as to the greater convenience in the applica- 
tion of auxiliary steam-power which its employment affords. 

92. The horse-power of marine engines is either nominal or real. 
The nominal power is estimated by assuming a certain average 
effective pressure of steam, and a certain average linear velocity 

reader is referred for a great mass of important details, for which we 
cannot here afford space. Still further information on the same subject 
may be found in Mr. Bourne's work "on the Screw-propeller" already 
quoted, that gentleman being also the author of the article in Brande. 
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of the piston. The pressure multiplied by the Telocity gives the 
effective force of the piston, or, what is the same, of the engine 
exerted through a given number of feet per minute ; and since the 
force called a horse-power means 33000 lbs. acting thus one foot 
per minute, it follows that the nominal power of the engine will 
be found by dividing the effective force exerted by the piston, 
multiplied by the number of feet per minute through which it acts, 
by 33000. 

It is assumed in all Admiralty contracts, and generally also in 
those of the commercial marine, that, after deducting from the 
total pressure of steam in the boiler that portion which is 
neutralised by the gases and uncondensed steam in the condenser, 
the friction of the moving parts and all other sources of resistance, 
the actual available or effective pressure of steam upon the piston 
is at the rate of 7 lbs. per square inch of piston surface. The 
total nominal effective action of the piston in pounds will therefore 
be found by multiplying the number of square inches in the area 
of the piston by 7. 

93. In the following tables, obtained from the government 
authorities, will be found a complete statement of the strength of 
her Majesty's steam navy up to the 1st of April, 1856. 

By Table I. it appears that the number of line-of-battle snips 
fitted and fitting with the screw-propeller was then 43, carrying 
a total number of 3797 guns, and propelled by engines of the 
collective power of 22950 horses. This is at the average rate of 
88J guns, and 533 horses per vessel ; the proportion of guns to 
horses being about 6 horses per gun. 

By Table II. it appears that the number of frigates and 
mortar-ships was 24, carrying collectively 889 guns, and propelled 
by engines of 10560 horse-power, being at the average rate of 
37 guns, and 440 horses per vessel ; the proportion of horses to 
guns being about 12 horses per gun. 

By Table III. it appears that there were 90 war steamers fitted 
with paddle-wheels, carrying the total number of 500 guns, and 
propelled by engines having the collective power of 24640 horses, 
being at the average rate of fy guns, and 274 horses per vessel; the 
proportion of horse-power to guns being about 50 horses per gun. 

By Table IV. it appears that there were 76 smaller vessels fitted 
with screw-propellers, consisting of corvettes, sloops, and despatch 
boats, carrying in all 761 guns, and propelled by engines of the 
collective power of 16202 horses, being at the average rate of 10 
guns and 213 horses per vessel ; the proportion of horse-power to 
guns being therefore about 21 horses per gun. 

In Table Y. is given the number and power of the troop and 
store-ships, water-tanks, &c. ; in Table VI. a statement of the 
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steam-propelled gun-boats ; and in Table VII. a general summary 
of the entire steam navy. 

In Table VIII. is given a statement of the commercial steam 
navy in March 1853. 



TABLE I. 

Line-of- Battle Skips fitted and fitting with the Serew-PropeUer in Her 
Majesty's Navy. 
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400 


■j: 


James Watt 


01 


600 


J? 


St Jean d" Acre . 


101 


600 


i'J 


Douegal 


100 


800 


'20 


Majestic . , 


so 


400 


it 


Sonaparoil . 


70 


300 


13 


IX of Wellington 


131 


700 


-7 


Marlborough . 


130 


800 


i\ 


Victor Emanuel 


00 


600 


14 


Edgar , . ♦ 


00 


(500 


2$ 


Mara . . . 


SO 


400 


42 


Victoria . . 


120 


1000 


I j 


Edinburgh . 


60 
1253 


450 
7500 


2S 


Nfla , 


01 
3475 


500 
14700 


43 


Windsor Castle , 
Total . . 


110 


800 


S7&7 


32950 



TABLE H. 

Frigate* and Mortar-ships fitted and fitting with the SerewPropeUer 
in Her Majesty's Navy, 





Name. 


a 

w 


£ o 

1 1 




Name. 




§1 

D 




Name. 


a 


si 


1 


Amphioii 


34 


300 




Bt forward 


.555 


4140 


Bt. forward 


0'21 


7350 


■2 


Ariadne . . 


30 


350 


,10 Doris . 


:i2 


800 


1* 


lifley. . - 


N 


600 


J 


Arrogant 


u 


360 


11 Emerald , . 


50 


600 


10 


Han Fiorenzo . 


Si.i 


600 


4 


Aurora . 


;.o 


400 


12 Eurotsa , 


11 


200 


20 


Sea-horse , , 


12 


200 


b 


Bacchante + . 


50 


eoo 


. l;3 Euryalus , . 


5t 


400 


21 


Shannon 


51 


600 





Chea&pe&ka . 


M 


400 


14 


Porta 


50 


400 


■22 


Termagant . 


M 


310 


7 


Curacoa * . 


si 


350 


15 


Forth . . 


12 


200 


2:i 


Topos . 


50 


000 


H 


Dauntless 


Bt 


5S0 


16 


Horatio . . 


S 


250 


ii 


Tribune . , 


SI 


300 





Diadem . . 


19 


800 


17 


Imp&ifiU&s . 


51 


360 












Total , , 


W9 


10600 






ma 


4140 






321 


T350 











174 



TABLE III.-— -4 List of War Steamers in Her Majesty 8 Service fitted wtiK 
Paddle-wheels. 





Name. 


k 


fe fe 

SI 




Name, 


I 


il 




Name. 


4 


ii 


1 




5 


SPi 






w 


MS 


- 




u 


^ :-. 


i '<■■■ i ' . 


s 


200 




Bt. forward 


Hi 


7560 


Bt. forward 


283 


l.wmt 


o 


AH- ! ' ■ V * . 


i 


100 


32 


Furious . 


10 


400 


Bl 


Penelope . . 


IB 


050 


3 


Ardent * 


G 


200 


33 


Fury * . , 




015 


ft 


Porcupine 


.'. 


132 


4 


Antelope . . 


3 


260 


34 


Quyaor . 


"o 


280 


i>i 


^roinotkous . 


5 


2O0 


ft 


Argus - 





300 


OJ 


Gorgon . . 
Gladiator 


tl 


320 


05 


Rhadatnanthus 


4 


220 


e 


Aap . . - 




fiO 


30 


ll 


430 


t;« 


rtedjKsle + 


1 


L00 ' 


7 


Avon 


3 


100 


r, 


Harpy ■ 


1 


200 


07 


Retribution . 


2fl 


400 


s 


Bann . . . 




30 


:is 


Hecate , ♦ 





240 


ffi 


Rosamond 





230 





Banshee . 


| 


8-50 


"J LI 


Hocla 


o 


240 


on 


Sampson - . 





407 


10 


Barracouta . 


i 


300 


40 


Ilonuos P . 


6 


220 


70 


Salamander . 


B 


220 1 


11 


Basilisk . 


8 


400 


41 


Hydra 





220 


71 


Scoui^e . . 


S 


420 ' 


12 


Black Eagle . 




260 


42 Inflexible 


0" 


373 


7- 


Shearwater . 


fi 


100 


13 


Blood Hound . 


"a 


ISO 


43 Jackal . . 


4 


150 


r.i 


Sidon . . + 


22 


000 


14 


Bruno . 




80 


44 


Kite 


a 


m 


71 


Spiteful . 





280 


15 


Bull Dog . . 
Buzzard* 


o 


coo 


4 r . 


Leopard - . 
Lightning 


is 


500 


75 


'Spitfire . . 


;"' 


HO 


16 


B 


300 


4i> 


B 


100 


76 


Sphinx . 
Btromboll . , 


'■■ 


500 


17 


Caradoc . . 


2 


350 


IT 


Lizard . . 


1 


150 


77 





280 


IS 


Centaur , 


B 


640 


43 


JjOCUflt , 


3 


100 


7S 


jStyx , . 





280 


19 


Columbia • * 





100 


40 Lucifur . ■ 


9 


180 


71* 


Tartarus . * 


1 


130 


20 


Coniet . 




SO 


.".•" Mag i ■.-■!■. ini r.: . 
!sl, Medea > 


]o 


400 


*J 


Terrible . 


2 J 


800 


21 


Cuckoo . * 


1 


100 


r 


350 


.St 


Trident . . 





:■•>■} 


23 


Cyclops . 


a 


320 


62] Medina . . 


1 


312 


32 


Triton 


a 


200 


23 


Dasher - . 


i 


100 


53 Medusa . 


1 


312 


S3 


Valorous , . 


IB 


400 


24 


Doa . 


i 


300 


64 


Merlin , . 


(i 


312 


84 


Vcsuviua 


B 


280 


25 


Devastation . 


o 


400 


55 


Oberou • 


B 


200 


SO 


Virago . . 


il 


300 


20 


Dragon . 


B 


£00 


50 


Odin . . . 


10 


auo 


s-; 


Vulture . 


r. 


470 


27 


Dover „ . 




00 


57 


Osborne * 


2 


430 


rn 


Woscr . . 


B 


100 


28 


Driver . 


6 


280 


5* 


Otter. , . 


B 


120 


ss 


Widgeon . 




90 


29 


Firefly . . 


4 


220 


60 


Pigmy . 
Pofypheinua * 


3 


100 


SO 


Wildfire « . 


.. 


78 


30 


Firebrand 


6 


410 


-10 


5 


200 


l?0 


Zephyr . 


s 


100 


ai 


Fire Queen . 




120 


S3 


Pluto. . . 


•; 


100 










' " 




Total , , 


m 


24840 




jft 


li- 


7600 






2$;; 


15809 





TABIiE IV*— Corvettetf Bloops t w&d Despatch Gun-vewels fitted and 
fitting with the Screw-Propeller in Her Majesty's Service, 



Name. 



Alacrity 

Alert . 

Ariel * 

Areber . 

Arrow 

AaHuranee 

Beagle 

Briak . 

Cadunta 

Camelcon 

Challenger 



12 Chary bdia 

l^lCLio ♦ 
14; Conflict , 
10 i Coquette 
10 Cordelia . 

17 Cormorant 

18 Codaack . 
1& Cruieer 
20| Curlew 
21 



i '■•-, . .-sue-- 

Encounter 
Est . 
Etua - 
Falcon 
Fawn 



WiS 



L'IH> 
10l> 
0'> 
20- 
100 
200 
100 
250 
400 
lUlj 
400 

IM 

- 400 
B 400 
200 
00 
200 
250 
00 
00 
400 

jteo 

250 
200 
100 
128 



305 5700 



Name- 



Bt, forward 

Flying Fisb 

Fox Hound 

Harrier . 

Hesperus 

Hiffhfiyers 

Hornet 

[earns . 

Intrepid 

Lapwing 

Lynx „ 

Lyra 

Mfuacca 

Miux 

Miranda 

Mohawk 

Mutinu 

Myrniidon 

Niger. 

Nimrod . 

Osprey . 

Pearl . 

Pelican 

PcloniB . 

PbtBnii t 

Pioneer 



II 



5700 
350 
200 

100 
120 
250 
100 

350 
200 
100 



200 
]0 
250 
200 
100 
150 
4O0 
360 
200 
400, 
100 '73 
400 74 
200 1 70 
:i50 70 



Kame- 



Bt* forward • 
Pltimper 
Pylades . , 
Rattler . 
Recruit . . 
Rensrd . 
Rifleman » , 
Ringdove 
Roebuck. , . 
Reward . 
Satellite . 
Scout + , + 
Seylla . 
Sharpshooter . 
Snake f ] 
SparrowbAwk, 
Surpriso . 
Swjdlow , 
Tartar . 
Teaaer 
Victor , 
Vigilant , 
Viper , 
Wanderer * 
Wasp 
Wrangler - 






10tK> 
600 
350 
300 
100 
200 
100 
200 
350 
200 
400 
400 
400 
202 
160 
200 
200 

60 
260 

40 
350 
2fl0 
100 
200 
100 



vv 



1^ - JnwoMfl&a 



TABLE V.— Trooper, Store-ship*, Water-tanks, Flour-mills, Yachts, 


and 


Floating-factories, 






Name. 

< 


3 \i 

j 5 9 




Name* 


c 


'4 
II 




Name, 


* 


Is 


i 


Abundance 


. 100 




BL forward . 




1856 




Bt, forward . 


11 


4070 


■J 


AMiRtauce m . 


. 400 


IS 


Hearty 




100 


:U 


Prospuro . 




144 


a 


Advicd 


. 10W 


19 


Helen Pane it . 






S6 


Resistance . . 


10 


400 


4 


Adder 


. 100 


■2u 


Himalaya . . 




;<.o 


36 


Fieaolute - 




400 


G 


African , , 


00 


21 


Humber , 




SO 


:*7 


Simoom . . 





350 


e 


Bruiser 


. 10U 


ai 


Industry . . 


2 


SO 


38 


Sprightly . 




100 


7 


Bufi&lo . i 


fiO 


*a 


Malta 




50 


N 


Supply , . 

Sm. ij.ii 


'< 


SO 


1 


l! UStl ■.■!■ . 


. 100 


in 


Megjera . . 





356 ! 


40 




120 


a 


ClV-H -■*■!] I" . , 


. 100 


SG 


Muukey * 




i3o; 


41 


SlllUtUl ■ . 






i« 


L + OllfkUJlC0 


, 1G0 


2fi 


Moslem . . 




120 


■5 -J 


Thais 




eo 


n 


Coramandel 


** 


: f 7 


Myrtle . 
Nimble . . 




:.<i 


48 


Torch . ■ . 




150 


11 


Crescent • 


£0 


2!> 






41 


Transit . 




£00 


ii 


Danube , . 


, j , 


29 


Pern . 




so 


4:0 


Urgent * . 
Vulcan . 




450 


H 


Pibo 


- HO 


H 


Perseverance . 


S 


aeo 


m 


D 


350 


J 


Elfin . . * 


.. 140 


31 


Pike. 




60 


H7 


Wye . . . 




100 


10 

IT 


i : earless . 

Fox , . i 


- 76 
. 200 


3-J 

38 


Pigeon. . . 
Princess Alice , 




60 
390 










1 




Total , . 


;i7 


7300 


1S56 


11 


4070 



TABLE VI. 

Statement of the Total Number 
and Power of Steam Chm-boats 
in the Royal Navy on the 1st 
April, 1856. 



TABLE VH. 

Statement of the Number and Pomr 
of Steam Vessels of all doss* in 
the Royal Navy on the 1st ApriL 
1856. 



s& 


O 


_i 9 


i1 

HO 


ill 




132 


4 


W 


433 


7320 


13 


4 


40 


59 


630 




30 


2 


SO 


40 


400 




US 


10 


120 


fiSO 


3240 



Line-of- Battle Ships 
Frigates & Mortar-shlps. 
Paddle-wheel Vessels 
Corvettes, Sloops, &c. 
Troop-ehlpa 
(Jim-boats , , 



No. 



43.: 



3797 

bsu 

S00 

701 
it 

5S0 



6S64 



Si 



22B50 
19560 
24640 
lo"203 
7300 



TABLE VIII. — Showing the number of vessels (wood and iron) belonging to 
the Mail Contract Steam Packet Companies in March, 1853; also their 
Tonnage and Horse Power, from Parliamentary return ordered to be 
printed 2dth June, 1853. 



1 To -what Company 


Number of VcbbsIh, 


Tonnage, 


Horse Power. 




















belonging. 


Wood. 


Iron* 


TotaL 


Wood. 


Iran* 


Total. 


Wood. 


Iron. 


Total 


r«ntuanla rttid Oriental 


11 


22 


33 


116O0 


2644ft 


3824" 


40^6 


7451 


11567 


Roy>d West India „ . 


19 


1 


20 


BSH9 


2709 


35S12 


B7MI 


600 


9550 


British and N\ American 


8 


1 


9 


11991 


2500 


17491 


5609 


1009 


66&0 


Pacific . 




A 


8 




0638 


G6S3 




2298 


2298 


General Screw Btoam ) 
Shipping . . ) 


ii 


8 


8 


n 


13496 


18496 


■ - 


2250 


£250 


Australian . 




| 







8600 


?:■"■"■' 


+ + 


1800 


1800 


Smith Western . ♦ 




4 


4 




1612 


1612 




677 


«77 


African . „ * 
Total . . . 


-- 


4 


4 




3929 


3t)30 




630 


530 


88 
Gram 


B3 
1 total 


BMtt 


65965 


18528 


i«sae 


91 


Gram 


i total 


12Aa68 


Gran< 


I total 


95362 
J 



m 
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LOCOMOTION BY RIVER AND RAILWAY 



IN THE UNITED STATES, 



CHAPTEE I, 
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2. Canal navigation. — S, Erie Canal.— 4. Extent of canals. — 5. Total 
cost, and coat per mile. — 6, Extent of canals as compared with popu- 
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navigation on Hudson,— &, Tables of Hudson steamers.— 10, Beauti* 
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12, Application of expansive principle. — 13, Explosions on eastern 
rivers rare. — 14- Description of paddle-boards and mode of working 
steam in steamers of eastern rivers. — 15. Power of endues. — 16. Fares 
reduced with increased size of vessels — Form and structure of 
Hudson steamers.— 17, Description of the navigation of that river,— 
18. Steam navigation of other American rivers, — 19. Mississippi 
■team -boats, — 20. Cause of explosions.— 21. Magnitude and splendour 
of boats.— 22. Extent of the navigation of the Mississippi valley. 
Lul&jfb&'s Museum ov Soikhch, q Vt 
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LOCOMOTION BY BIVEB AND RAILWAY. 

1. No quarter of the globe presents a natural apparatus of 
Internal communication so stupendous as that which the 
European settlers found at their disposal on the North American 
continent. 

This immense tract, included between the Atlantic and the 
Bocky Mountains on the east and west, the great chain of lakes 
extending from Lake Superior to Lake Ontario on the north, 
and the Gulf of Mexico on the south, is divided into two districts 
by the ridge of the Alleghanies, which traverses it in a direction 
north and south. The western division consists of the vast valley 
drained by the Mississippi and its tributaries, a territory greater in 
superficial extent than Western Europe. The eastern district 
consists of that portion between the Alleghany ridge and the 
Atlantic, falling towards the ocean and drained by innumerable 
rivers, navigable for vessels of greater or less burthen, and run- 
ning generally eastward. 

Provided with such means of water communication, it might 
have been expected that a population thinly scattered over an area 
00 extensive, and engrossed by the exigencies of incipient agri- 
culture, would have continued for ages contented with means of 
transport afforded them on so vast a scale, without having 
recourse to the resources of art. 

It is, however, the character of man, and more especially of 
Anglo-Saxon man, never to rest satisfied until he renders the gifts 
of nature, however munificent, ten times more fruitful by his 
industry and skill ; and it will be presently seen to what a pro- 
digious extent the enterprise of the population of the United 
States has improved these means of inland transport. 

I. Canal Navigation. 

2. The spectacle of a machinery of commerce so imposing in 
magnitude and power, and so remarkably co-extensive with the 
vastness, the fertility, and the mineral wealth of the territory of 
which this emigrant people found themselves possessors, only pro- 
voked their ambition to rival the enterprise of the parent country, 
and to import and naturalise its improvements and its arts. Theil 
independence was scarcely established before the same resources of 
art and science which ages had not been more than sufficient to 
develop in Britain were invoked ; and a system of artificial com- 
munication was undertaken, and finally executed, on the new 
continent, for which, all things considered, there is no parallel 
in the history of civilisation. 

Immediately after the acknowledgment of the independence of 
the American colonies by England in 1783, several companies 
were formed in the two principal states of the Union, those of 

ia 



CANAL NAVIGATION. 

New York and Pennsylvania, for the purpose of constructing a 
system of canals. These enterprises were accordingly com- 
menced, but on a scale too limited for the attainment of the 
ultimate objects; and as the United States advanced in com- 
mercial prosperity, more extensive plans were adopted. In 
1807, the senate charged the Secretary of State, Mr. Galatin, to 
prepare a project for a general system of intercommunication by 
canals, based upon the geographical character of the territory of 
the Union. 

A system of artificial water-communication was accordingly 
projected, which, with some modifications, was at a later period 
adopted and carried into execution. 

These projects, however, suffered an interruption from the 
renewal of the war in 1812 ; and it was not until 1xve years later 
that the vast works were commenced, the result of which has 
been a system of inland navigation which is without a rival in any 
country in the world. 

3. On the anniversary of the declaration of independence cele- 
brated the 4th July, 1817, the commencement of the great line of 
oanal connecting the Hudson with Xake Erie was inaugurated. 
The river Hudson presented a navigable communication for vessels 
of a large class from New York to Albany. The object of this 
line of canal was to open a water-communication between Albany 
and the northern lakes, so as to connect, by continuous water- 
communication, the North- Western States with the Atlantic. 

In less than eight years this work was accomplished by the 
state of New York, with its exclusive resources. 

That state alone exeouted and brought into operation the largest 
oanal in the world. As first constructed, the Erie oanal, with its 
branches, cost 2,600000?. sterling ; but its magnitude and pro- 
portions being still found inadequate to the exigencies of a con- 
tinually increasing traffic, its enlargement was decided upon in 
1835, and it was finally completed, at a cost of upwards of 
5,000000?. sterling. The total length of this canal is 363 miles, 
and its cost of construction per mile was therefore about 13700?. 

Meanwhile, the other states of the Union did not remain 
inactive. Pennsylvania especially rivalled New York in these 
enterprises, and became intersected with canals in all directions. 
In short, these works were undertaken to a greater or less extent 
in most of the Atlantic and some of the Western States ; and the 
American Union now possesses a system of internal artificial 
water-communication amounting to nearly 4500 miles, executed 
with a degree of skill and perfection rarely surpassed by any 
similar works constructed in the states of Europe. 

4. According to M. Michel Chevalier, whose work cm tHs, 
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LOCOMOTION BY RIYER AND RAILWAY. 

subject supplies most voluminous and valuable details,* the extent 
of canals which were in operation in the United States on 
January, 1, 1843, was 4333 miles. There was a further extent 
projected, but not executed, amounting to 2359 miles. 

5. The total cost of executing the canals which were completed 
was, according to M. Chevalier, 27,8709642., being at the average 
rate of 64322. per mile. 

Since the date of these returns considerable extension has been 
given to the system of canal navigation by the opening of new 
lines and the increased length of former ones, and it is probable that 
the actual extent of artificial water-communication now in use in 
the United States considerably exceeds 5000 miles. The average 
cost of executing this prodigious system of water-roads was at the 
rate of 64322. per mile, so that 5000 miles would have absorbed a 
capital of above 32,0000002. 

6. This extent of canal transport, compared with the population, 
exhibits in a striking point of view the activity and enterprise 
which characterise the American people. In the United States 
there is a mile of canal navigation for every 5000 inhabitants, 
while in England the proportion is a mile to every 9000 inhabit- 
ants, and in France a mile to every 13000. The ratio, therefore, 
of this instrument of intercommunication in the United States is 
greater than in the United Kingdom, in proportion to the 
population, as 9 to 5, and greater than in France in the ratio 
of 13 to 5. 

II. Rivee Navigation. 

7. The river navigation of the United States is on a scale com- 
mensurate with the extent of their territory. The division of the 
country east of the Alleghanies, forming the Atlantic States, is 
drained by a vast number of rivers, of the first and second class, 
all navigable for vessels of considerable burthen, the principal of 
which are the Hudson, the Delaware, the Susquehanna, the Con- 
necticut, the Potomac, the James, the Roanoke, the Savannah, 
and, to the southwards, the Atamala and the Alabama. 

The western division is drained by the Mississippi and its 
hundred tributaries, navigable for vessels of great tonnage for 
several thousands of miles. 

Besides the internal communication supplied By rivers, pro* 
perly so called, a vast apparatus of water transport is derived from, 
the geographical character of the extensive coast, stretching for 
about four thousand miles, from the Gulf of St, Lawrence to the 

• " Histoire et Description des Yoies de Communication aux £tate Ums, 
et des Travanx d'Art qui en dependent*" par Michel Chevalier. Paris, 
1840—1843. 
20 



RIVER NAVIGATION. 

delta of the Mississippi, indented and serrated in every part with 
natural harbours and sheltered hays, fringed with islands, forming 
sounds, throwing out capes and promontories, which inclose arms 
of the sea, in which the waters are free from the roll of the ocean, 
and which, for all the purposes of internal navigation, have the 
character of rivers and lakes. The lines of communication, 
formed by the vast and numerous rivers, are completed in the 
interior by chains of lakes, presenting the most extensive bodies 
of fresh water in the known world. 

8. Whatever may be the dispute maintained among the his- 
torians of art as to the conflicting claims for the invention of steam 
navigation, it is an incontestable fact that the first steam-boat 
practically exhibited for any useful purpose, was placed on the 
Hudson to ply between New York and Albany in the beginning of 
the year 1808. From that time to the present, this river has been 
the theatre of the most remarkable series of experiments on loco- 
motion on water ever recorded in the history of man. 

The Hudson rises near Lake Champlain, the easternmost of the 
great chain of lakes o» inland seas which extend from east to west 
across the northern boundary of the United States. The river 
follows nearly a straight course southwards for two hundred and 
fifty miles, and empties itself into the sea at New York. The 
influence of the tide is felt as far as Albany, above which the 
stream begins to contract. Although this river, in magnitude and 
extent, is by no means equal to several others which intersect the 
States, it is nevertheless rendered an object of great interest by 
reason of the importance and extent of its trade. The produce of 
the state of New York, and that of the banks of the lakes Ontario 
and Erie, are transported by it to the city ; and one of the most 
extensive and populous districts of the United States is supplied 
with the necessary imports by its waters. A large fleet of vessels 
is constantly engaged in its navigation; nor is the tardy but 
picturesque sailing vessel as yet excluded by the more rapid 
steamer. The current of the Hudson is said to average nearly 
three miles an hour ; but as the ebb and flow of the tide are felt 
as far as Albany, the passage of the steamers between that place 
and New York may be regarded as equally affected by currents in 
both directions. The passage, therefore, whether in ascending or 
descending the river, is made in the same time. 

. This river is navigable by steamers of a large class as far as 
Albany, nearly one hundred and fifty miles above New York. 

Attempts have been made, but hitherto without much success, 
to push tiie navigation a few miles higher, as far as the important 
town of Troy. The impediments arising however from the 
shallowness of the river appear to be so serious, that Albany haft 



LOCOMOTION BY RIVER AND RAILWAY. 

continued, and probably will continue, to be the limit of steam 
navigation in this direction. 

The steam navigation of the Hudson is entitled to attention, 
not only because of the immense traffic of which it is the vehicle, 
but because it forms a sort of model for most of the rivers of the 
Atlantic States. This navigation is conducted, as will be seen, in 
a manner and on a principle altogether different from that which 
prevails on the Mississippi and its tributaries. 

In the steam-vessels used on these rivers, no other strength or 
stability is required than is sufficient to enable them to float and 
bear a progressive motion through the water. Not having to 
encounter the agitated surface of an open sea, they are supplied 
with neither rigging nor sails, and are built exclusively with 
a view to speed. Compared with sea-going steamers, they are 
slender and weak in their structure, with great length in pro- 
portion to their beam, and a very small draft of water. 

The position and form of the machinery are affected by these 
circumstances. Without the necessity of being protected from, a 
rough sea, the engines are placed on the de%k in a comparatively 
elevated situation. The cylinders of large diameter and short 
stroke, almost invariably used in sea-going ships, are rejected in 
these river boats, and the proportions are reversed, — a compara- 
tively small diameter and a stroke of great length being adopted. 
It is but rarely that two engines are used. A single engine, 
placed in the centre of the deck, drives a crank placed on the axle 
of the enormous paddle-wheels. The great magnitude of these 
latter, and the velocity imparted to them, enable them to perform 
the office of fly-wheels, and to carry the engine through its dead 
points with but little perceptible inequality of motion. The length 
of stroke adopted in these engines supplies the means of using the 
expansive principle with great effect. 

The steamers which navigate the Hudson are vessels of great 
magnitude, splendidly fitted up for the accommodation of passen- 
gers ; and this magnitude and splendour of accommodation have 
been continually augmented from year to year to the present time. 

9. In the following table (p. 23) we have given the dimensions of 
nine steamers which were worked on the Hudson previously to 1838* 

Since the date of these returns, considerable changes have been 
made in the proportion and dimensions of the vessels navigating 
this river ; all these changes having a tendency to augment their 
magnitude and power, to diminish their draft of water, and to 
increase the play of the expansive principle. . Inoreased length 
and beam have been resorted to with great success. Yessels of 
the largest class now draw only as much water as the smallest 
drew a few years ago : 4ft. 6in. is now regarded as the maximum* 
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In the following table we have exhibited the dimensions and 
other particulars of nine of the most efficient of the more recently 
built steamers plying on the Hudson and its collateral streams ; 
and by a comparison of this with the former table, it will be seen 
to what an extent the dimensions and efficiency of these vessels 
have been increased. 
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LOCOMOTION BY RIVER AND RAILWAY. 

10. It is not only in dimensions that these vessels have under- 
gone improvements. The exhibition of the beautifully finished 
machinery of the English Atlantic steamers did not fail to excite 
the emulation of the American engineers and steam-boat pro- 
prietors, who ceased to be content with the comparatively rude 
though efficient structure of the mechanism of their steam-boats. 
All the vessels more recently constructed are accordingly finished 
and even decorated in the most luxurious manner. In respect of 
the accommodations which they afford to passengers, no water- 
communication in any country in the world can compare with 
them. Nothing can exceed the splendour and luxury of the fur- 
niture. Silk, velvet, and the most expensive carpeting? mirrors 
of immense magnitude, gilding and carving, are used profusely in 
their decorations. Even the engine-room in some of them is lined 
with mirrors. In the Alida, for example, the end of the room 
containing the engine is composed of one large mirror, in which 
the movements of the highly-finished machinery are reflected. 

11. The new and largest class of steamers are capable of 
running from twenty to twenty-two miles an hour, and make, on 
an average, eighteen miles an hour. These extraordinary speeds 
are obtained usually by rendering the boilers capable of carrying 
steam from forty to fifty pounds pressure above the atmosphere, 
and by urging the fires with fanners, worked by an independent 
engine, by which the furnaces can be forced to any desired extent. 

It is right to observe here that this extreme increase of speed is 
obtained at a disproportionately increased consumption of fuel. 
When the speed is increased, the space through which the vessel 
must be propelled per minute is increased in the same proportion: 
and, at tie same time, the resistance which the moving power has 
to overcome is augmented in the proportion of the square of the 
speed. Hence, the effect to be produced by the moving power per 
minute, is increased by two causes: first, the actual resistance 
which it has to overcome is augmented in the ratio of the square 
of the speed ; and, secondly, the space through which the moving 
power has to act against this resistance in each minute is 
increased in the ratio of the speed. Thus, the total expenditure 
of moving power per minute will be augmented in the proportion 
of the cube of the speed. 

Let us suppose the speed to be increased, for example; from 
eighteen to twenty-one miles an hour : the power to be expended 
per minute to produce this effect must be increased in the ratio of 
the cube of 18 to the cube of 21 ; or, what is the same, in the ratio 
of the cube of 6 to the cube of 7, that is, in the ratio of 216 to 
343, or as 3 to 5 very nearly. 

Hence, if the furnaces could be worked with equal economy, an 



HUDSON STEAMERS. 

increased consumption of fuel per hour would be necessary in the 
proportion of 3 to 5 ; but the waste incurred by urging the 
blowers so as to produce a sufficiently vivid combustion is so 
great, that it is practically found that the consumption of fuel is 
increased in a much higher ratio than that which results from the 
increased resistance, and indeed in some cases that the increase of 
three or four miles an hour on eighteen miles will cause nearly 
triple the consumption of fuel. 

12. Much of the efficiency of these engines arises from the 
Application of the expansive principle ; but to this there has been 
hitherto a limit, owing to the inequality of the action of the piston 
when urged by expanding steam on the crank. When the steam 
is cut off at less than half-stroke, the force of the piston is 
diminished before the termination of the stroke to less than one 
half its original amount. This inequality is aggravated by the 
relative position of the crank and connecting rod, the leverage 
diminishing in nearly the same proportion as the power of the piston 
diminishes. On this account it has not been found generally 
practicable to cut off the steam at less than half-stroke. 

13. It must be observed, in relation to the navigation of these 
eastern rivers, that the occurrence of explosions is almost unheard- 
of. During the last ten years, not a single catastrophe of that 
kind has occurred on them, although cylindrical boilers ten feet 
in diameter, and composed of plating -frths of an inch thick, 
are commonly used with steam of fifty pounds pressure above 
the atmosphere. 

14. It will be seen by the table given above, that the paddle- 
wheels used on these rivers have extraordinary magnitude. 
There is nothing particular in their construction. The split 
paddle-board, which was adopted about ten years since, has been 
discontinued, and has given way to the simple and continuous 
paddle-board. These boards, however, are generally placed alter- 
nately at greater and less distances from the centre, somewhat like 
a break-joint. Wooden spokes, with cast-iron centre pieces, axe 
generally adopted. 

The steam is universally worked with expansion, the valves for 
its admission and emission being moved independently of each 
other. A separate engine is generally provided for driving the 
blowers, and a cylindrical fan-blower is employed for each boiler. 
Some of these blowers are ten feet in diameter, being driven by a 
crank placed on their axle, which receives its motion from the 
small independent engine. 

15. The great power developed by these river engines is due, 
not so much to the magnitude of their cylinders, as the pressure 
of steam used in them. Some of the most recently ^orastewtek 
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boats have cylinders seventy-six inches in diameter, and fifteen 
feet stroke. The steam has forty pounds pressure in the boiler, 
and is cut off at half-stroke. The wheels, which are forty-fire 
feet in diameter, make sixteen revolutions per minute. The speed 
of the circumference of the wheel will therefore be twenty-five 
miles an hour ; so that, if the speed of the boat be twenty miles an 
hour, we have the difference, five miles, giving the relative move- 
ment of the edge of the paddle-boards through the water. 

To ascertain the power developed by these engines, let us suppose 
the mean effective pressure on the piston, taking into account the 
degree of vacuum produced by the condenser, and supposing the 
steam to be cut off at half-stroke, to be 40 lbs. per square inch, the 
area of the piston 453& square inches, and the stroke 15 feet; the 
piston moves through 30 feet during each revolution of the wheels ; 
and since 16 revolutions take place per minute, we shall find the 
effective force developed by the piston by multiplying its area, 
4536, by twice the length of the stroke, which is 30, and by 16, 
which is the number of revolutions per minute. This product 
multiplied by 40, the number of pounds effective pressure per 
square inch, gives 87,091200 lbs. raised one foot high per minute 
as the power developed by the engine. This is equivalent, 
according to the ordinary mode of expressing steam power, to 
2,640 horse power. 

Whatever allowance, therefore, may be made for Motion, &c, 
it is clear that the effective power thus obtained must be greater 
than anything hitherto executed on water. 

The increase of the dimensions of these vessels and their 
machinery has been attended with a greatly augmented economy 
of fuel. 

On comparing the Hendrik Hudson, for example, with the Troy, 
a vessel formerly well known, plying between New York and 
Albany, it has been found that when the speed of the former is 
reduced to an equality with that of the latter, the trip between 
New York and Albany being performed in the same time, the 
former consumed thirteen tons of coal while the latter consumed 
twenty ; yet the displacement of the Hendrik Hudson, owing to 
its increased dimensions, is nearly twice that of the Troy. 

The ease with which these vessels of extraordinary length and 
beam and small draft move through the water is very remarkable. 
The results of their performance show that the resistance per 
square foot of immersed midship section is not peroeptibly in- 
creased by the increased length of the vessel, and the consequently 
augmented surface and friction. This anomaly has not been 
explained, but it is certain that the increased length does not 
diminish the effect of the moving power in any perceptible degree. 
26 
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16. Practical evidence of the economy arising from this increase 
of power and dimensions is supplied by the fact that the pro- 
prietors of the Hudson steam-boats reduced their tariff for 
passengers, as well as for freight, as they increased the size of 
their vessels. 

Previously to 1844 the lowest fare from New York to Albany, a 
distance of 145 miles, was 4$. 4d. ; at present the fare is 2*. 2d. ; 
and for an additional sum of the same amount the passenger can 
command the luxury of a separate cabin. When the splendour 
and magnitude of the accommodation is considered, the magnifi- 
cence of the furniture and accessories, and the luxuriousness of 
the table, it will be admitted that no similar example of cheap 
locomotion can be found in any part of the globe. Passengers 
may there be transported in a floating palace, surrounded with 
all the conveniences and luxuries of the most splendid hotel, at 
the average rate of twenty miles an hour, for less than one-sixth of 
a penny per mile ! 

It is not an uncommon occurrence during the warm season to 
meet persons on board these boats who have lodged themselves 
there permanently, in preference to hotels on the banks of the 
river. Their daily expenses in the boat are as follow : — 

8. d. 

Fare 2 2 

Separate bed-room 2 2 

Breakfast, dinner, and supper . . . .66 

Total daily expense for board, lodging, attendance, — — 

and travelling 150 miles at 20 miles an hour . 10 10 

Such accommodation is, on the whole, more economical than an 
hotel. The bed-room is as luxuriously furnished as the hand- 
somest chamber in an hotel or private house, and is much more 
spacious than the room similarly designated in the largest packet 
ships. 

To obtain an adequate notion of the form and structure of one 
of the first-class steam-boats on the Hudson, let it be supposed 
that a boat is constructed similar in form to a Thames wherry, but 
above 300 feet long and 25 or 30 feet wide. Upon this, let a 
platform of carpentry be laid, projecting several feet upon either 
side of the boat, and at stem and stern. The appearance to the 
eye will then be that of an immense raft, from 250 to 350 feet long, 
and some 30 or 40 feet wide. Upon this flooring let us imagine 
an oblong rectangular wooden erection, two stories high to be 
raised. In the lower part of the boat, and under the flooring just 
mentioned, a long narrow room is constructed, having a series of 
berths at either side, three or four tiers high. In the centra 

¥1 



LOCOMOTION BY BIVEB AND RAILWAY. 

of thii flooring is usually, bat not always, enclosed an oblongs 
rectangular space, within which the steam machinery is placed, aad 
this enclosed space is continued upwards through the stru c tur e 
raised on the platform, and is intersected at a certain, height abort* 
the platform by the shaft or axle of the paddle-wheels. 

These wheels are propelled, generally, by a single engine, brat 
occasionally, as in European states, by two. The paddle-wheels 
are usually of great diameter, varying from 30 to 40 feet, accord- 
ing to the magnitude of the boat. In the wooden building raised 
upon the platform, already mentioned, is contained a magnificent 
saloon devoted to ladies, and to those gentlemen who accompany 
them. Over this, in the upper story, is constructed a row of small 
bed-rooms, each handsomely furnished, which those passengers 
can have who desire seclusion, by paying a small additional fare. 

The lower apartment is commonly used as a dining or breakfast- 
room. 

In some boats, the wheels are propelled by two engines, which 
are placed on the platform which overhangs the boat at either side, 
each wheel being propelled by an independent engine ; the wheels, 
in this case, acting independently of each other, and without a 
common shaft or axle. This leaves the entire space in the boat, 
from stem to stern, free from machinery. It is impossible to 
describe the magnificent coup dceU which is presented by the 
immense apparent length when the communication between them 
is thrown open. Some of these boats, as has been already stated, 
are upwards of three hundred feet long, and the uninterrupted 
length of the saloons corresponds with this. 

This arrangement of machinery is attended with some practical 
advantages, one of which is a facility of turning, as the wheels, 
acting independently of each other, may be driven in opposite 
directions, one propelling forwards and the other backwards, so 
that the boat may be made to turn, as it were, on its centre. 
Although, from the great width of the Hudson, no great difficulty 
is encountered in turning the longest boat, yet cases occur in which 
this power of revolution is found extremely advantageous. 

Another advantage of this system is, that when one of the two 
engines becomes accidentally disabled, the boat can be propelled 
by the other. 

The general appearance of the Hudson steamers is represented 
in the annexed engraving of the " Iron Witch." 

17. No spectacle can be more remarkable than that which the 
Hudson presents for several miles above New York. The skill 
with which these enormous vessels, measuring from three to four 
hundred feet in length, are made to thread their way through 
the crowd of shipping, of every description, moving over the face 
28 
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of this spacious river, and the rare occurrence of accidents from 
collision, are truly admirable. In a dark night these boats run at 
the top of their speed through fleets 
of sailing vessels. The bells through 
which the steersman speaks to the 
engineer scarcely ever cease. Of 
these bells there are several of diffe- 
rent tones, indicating the different 
operations which the engineer is 
commanded to make, such as stop- 
ping, starting, reversing, slackening, 
accelerating, &c. At the slightest 
tap of one of these bells, these 
enormous engines are stopped, or 
started, or reversed by the engineer, 
as though they were the plaything 
of a child. These vessels, proceeding 
at sixteen or eighteen miles an hour, 
are propelled among the crowded 
shipping with so much skill as 
almost to graze the sides, bows, or 
sterns of the vessels among which 
they pass. 

The difficulty attending the evolu- 
tions by a vessel such as the New 
"World, for example, one hundred 
and twenty-five yards long and 
twelve yards wide, may be easily 
imagined ; and the promptitude and 
certainty with which an engine whose 
pistons are seventy-six inches in 
diameter, and whose stroke is five 
yards in length, is governed must be 
truly surprising. 

18. The navigation of the other 
rivers of the Atlantic States differs 
in nothing from that of the Hudson 
and its collateral branches, except in 
the extent of their traffic and the 
magnitude and power of the steamers. 
The engines, in all cases, are con- 
structed on the condensing prin- 
ciple; and although steam of 'forty 
or fifty pounds above the pressure of 
the atmosphere is frequently used, it is worked expansively *vA> 
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a good vacuum is always sustained behind the piston by means of 
the condenser. 

19. The steam navigation of the Mississippi is conducted in a 
•mannar entirely diffe rent from that of the Hudson and the eastern 
rivers. Every one must be familiar with the lamentable accidents 
which happen from time to time, and the loss of life from explosion 
which continually takes place in those regions. 

These accidents, instead of di-miniaTiing with the improvements 
of art, appear rather to have increased. Engineers, disregarding 
the heart-rending narratives continually published, have done 
literally nothing to check the evil ; and it may be almost said to 
be a disgrace to humanity, that the legislature of the Union has 
not ere this interposed its authority to check abuses! which are 
productive of such calamities. 
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In a Mississippi steam-boat the cabins and saloons provided lor 
the accommodation of the passengers, though less magnificently 
furnished, are as spacious as those already described in the boats 
on the Hudson. They are, however, erected on a flooring or 
platform, six or eight feet above the deck of the vesseL Upon this 
deck, and in the space under the cabins and saloons allotted to the 
passengers, are placed the engines, which are of the coarsest 
structure. They are invariably worked with high-pressure steam 
without condensation ; and in order to obtain that effect, which, in 
the boats on the Hudson, is due to the vacuum, the steam is worked 
at an extraordinary pressure. I have myself frequently witnessed 
boilers of the most inartificial construction worked with steam of 
the full pressure of 120 lbs. per square inch; but more recently 
this pressure has been increased, the ordinary working pressure 
30 
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being now 150 lbs., and I am assured, on good authority, that it is 
not unfrequently raised to even 200 lbs. 5 The boilers are cylindrical, 
of large diameter, and of the rudest kind. When returning flues 
are constructed in them, the space left is so small, that the 
slightest variation in the quantity of water they contain, or in the 
trim of the vessel, causes the upper flues to be uncovered, and the 
intense action of the furnace in this case soon renders them red* 
hot, when a frightful collapse is almost inevitable. The red-hot 
iron, no longer able to resist the intense pressure, gives way, the 
boiler explodes, .and the scalding water is scattered in all direc- 
tions, often producing more terrible effects than even the fragments 
of the boiler which are projected around with destructive force. 

20. Another frequent cause of explosion in these boilers is the 
quantity of mud held in suspension in the waters of the Mississippi 
below the mouth of the Missouri. As the water in the boiler is 
evaporated, the earthy matter which it held in suspension remains 
behind, and accumulates in the boiler, in the bottom of which it is 
at length collected in a thick stratum. This produces effects 
similar to those which take place in marine boilers, in consequence 
of the deposition of salt. This earthy stratum collected within the 
boiler being a non-conductor, the heat proceeding from the furnace 
is interrupted, and, instead of being absorbed by the water, is 
accumulated in the boiler-plates, which it ultimately renders red- 
hot. Being thus softened, they give way, and the boiler bursts. 
The only preventive remedy of this catastrophe is, to blow the 
water out of the boiler from time to time, before a dangerous 
accumulation of mud takes place, in the same manner as marine 
boilers are blown out to prevent the accumulation of salt. The 
engine-drivers and captains, however, rarely attend to this process. 
They are too intent upon obtaining speed, and, to use their own 
phrase, " going a-head." They do not hesitate to endanger their 
own lives and those of the passengers, rather than allow themselves 
i» be outrun by a rival boat. 

Not only the Mississippi, but the Ohio, the Missouri, the Illinois, 
ijhe Bed River, and, in a word, all the tributaries of the Father 
of Rivers, are navigated for many thousands of miles by this 
description of boats, worked with the same reckless disregard of 
Iranian life. 

21. The magnitude- and splendour of these boats is little, if at 
-all, inferior to those of the Hudson. They are, however, constructed 
more with a view to the accommodation of freight, as they carry 
down the river large quantities of cotton and other produce, as 
well as passengers, to the port of New Orleans. Many of these 
vessels are three hundred feet and upwards in length, and are 
capable of carrying, a thousand tons freight, and three or four 
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hundred deck passengers, besides the cabin passengers. The 
traffic in goods and passengers of the entire extent of the immense 
valley of the Mississippi is carried by these vessels, except that 
portion which is floated down by the stream in a species of raft 
called flat-boats. 

22. This line of steam-navigation is continued up the Mississippi, 
branching east and west along its great tributaries. The Ohii 
carries it eastwards as far as Pittsburgh, in Pennsylvania, A oral 
connects the Ohio at Cincinnati with Lake Erie. The n a vigatiai 
of the Upper Mississippi is continued by the Illinois river to a port 
near Lake Michigan, with which it is connected by a cntl 
extending to Chicago, on the western shore of that lake. Bin 
oommenoes the great chain of lake steam-navigation, whfcs 
extends across the northern division of the States, Im iii iM 
Lakes Michigan, Huron, Erie, and Ontario, and being iiinliiniw 
along the St Lawrence, to Montreal and Quebec. The lakes flfc 
connected by canals. 

By the Erie canal, connecting the lake of that name wifli fts 
head of the Hudson navigation at Albany, the circuit of navigatiai 
round the United States is completed. 
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OHAPTEE II. 

1. Inland steam navigation. — 2. Table of sea-going steam-ships. — 
8. Towing river steamers. — 4. Water goods train. — 5. Commence- 
ment of railways. — 6. Average cost of construction to 1849. — 
7. Tabular statement of the railways to 1851.— 8. Their distribution 
and general direction. — 9. New England lines. — 10. New York lines. 
11. New York and Philadelphia. — 12 Pennsylvania lines. — 13. Great 
celerity of construction — tabular statement. — 14. Extent of lines 
open and in progress in 1853. — 15. Their distribution among the 
States. — 16. Average cost of construction.— 17. Kailways in central 
States. — 18. General summary. — 19. Causes of the low comparative 
cost of construction. — 20. Method of crossing rivers. — 21. Modes of 
construction — rails and curves. — 22. Engines. — 23. Greater solidity 
of construction recently practised. — 24. Railway carriages. — 25. Ex- 
pedient for passing curves. 

1. Notwithstanding the facilities for coast navigation which 
are offered along the Atlantic shores from New York southwards, 
successful efforts have been directed to establish a parallel inland 
Laborer's Museum of Sciehob. 88 
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communication by the Potomac and the Hudson. A line of inland 
steamers is established between the Potomac and New York by 
Chesapeake Bay, the Delaware, the Chesapeake and Delaware 
canal, the Delaware and Rariton canal, and the Rariton river, and 
by these means the same line of communication is extended to the 
shores of New England and Long Island Sound. 

A project is introduced, and likely to be carried into effect, for 
enlarging the Great Erie canal, so as to admit of steamers. 
When this shall be effected, the entire extent of the States, from 
Washington, by New York, Albany, the great Northern Lakes, 
and the Mississippi, to New Orleans, will be surrounded by a con- 
tinuous chain of inland steam-navigation. The importance of this 
internal communication in the event of a war must be apparent. 

The form and structure of these river-steamers, as described in 
general terms in the last chapter, will be more easily understood 




by figure 1, which represents a cross section of the hull with 
one-half of the platform, which is placed upon it, and which 

supports the upper cabins 
and saloons. This hull is 
constructed with a perfectly 
Hat bottom and perpendi- 
cular sides, and is rounded 
at the angles. At the bow 
or cutwater they are made 
very sharp. 

The split paddle-wheol, 
which until very lately was 
exclusively used in these 
boats, is represented in 
1ig, 2, and is formed as 
if by the combination of 
two or more common 
paddle-wheels, placed one 
outside the other, on the 
same axle, but so that 
the paddle-boards of each 




CONSTRUCTION OF RIVER-STEAMERS. 

may have an intermediate position between those of the adjacent 
one, as represented in fig. 2. 

The spokes, which are bolted to cast-iron flanges, are of wood. 
These flanges, to which they are so bolted, are keyed upon the 
paddle-shaft. The outer extremities of the spokes are attached to 
circular bands or hoops of iron, surrounding the wheel ; and the 
paddle-boards, which are formed of hard wood, are bolted to the 
spokes. The wheels thus constructed, sometimes consist of three, 
and not unfrequently four, independent circles of paddle-boards, 
placed one beside the other, and so adjusted in their position that 
the boards of no two divisions shall correspond. 

2. Although the subject of this tract is limited to inland trans- 
port, it will not be without interest to exhibit here some particulars 
of the progress made in the United States in sea steam-navigation. 
"With this view we have given, in the following table, (p. 36), the 
dimensions and power of some of the principal sea-going steamers 
which had been constructed and brought into operation at the date 
of the last reports accessible to us. It must, however, be always 
remembered, that the progress of enterprise, more especially in 
this department, in the United States is so rapid, that probably 
before these pages come into the hands of the reader many other 
and more magnificent vessels will have been launched. 

3. The other class of steamers used for towing the commerce of 
the rivers corresponds to the goods trains on railways. No spec- 
tacle can be more remarkable than these locomotive machines, 
dragging their enormous load up the Hudson. They may be seen, 
in the midst of this vast stream, surrounded by a cluster of twenty or 
thirty loaded craft of various magnitudes. Three or four tiers are 
lashed to them at each side, and as many more at their bow and at 
their stern. The steamer is almost lost to the eye in the midst of 
this crowd of vessels which cling around it, and the moving mass 
is seen to proceed up the river, no apparent agent of propulsion 
being visible, for the steamer and its propellers are literally buried 
in the midst of the duster which clings to it and floats round and 
near it. 

4. As this water goods train, for so it may be called, ascends the 
Hudson, it drops off its load, vessel by vessel, at the towns which 
it passes. One or two are left at Newburgh, another at Powkeepsie, 
two or three more at Hudson, one or two at Fishkill, and, in fine, 
the tug arrives with a residuum of some half-dozen vessels at 
Albany. 
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COMMENCEMENT OP RAILWAYS. 



III. Railways. 

5. The phenomena of transport bo unexpectedly developed on 
the opening of the Liverpool and Manchester Railway, and the 
miracles of swift locomotion there exhibited, had no sooner been 
announced, than the Americans, with their usual ardour, resolved 
to import this great improvement ; and projects of passenger rail- 
ways, on the vast scale which characterises all their enterprises, 
were immediately set forth. 

Some lines of railway in isolated positions, around coal-works 
and manufactories, had been, as in England, already for some 
years in operation. It was not, however, until after 1830 that the 
railway system began to assume in America the character which 
it had already taken in England. A few years were sufficient to 
bring it into practical operation in several parts of New England 
and in the State of New York ; and, once commenced, its progress 
was extremely rapid. 

As might naturally be expected, the chief theatre of railway 
enterprise is the Atlantio States. The Mississippi and its tribu- 
taries have hitherto served the purposes of commeroe and inter- 
communication to the comparatively thinly scattered population 
of the Western States so efficiently, that notwithstanding the extra- 
ordinary enterprise of the people, the railway system has hitherto 
made comparatively small progress in these vast forest-covered 
plains and open prairies. Nevertheless they have not altogether 
escaped the operations of the engineer ; and the traveller already 
feels the benefit, even in these remote regions, of the new art of 
transport. These railways consist as yet of detached and single lines, 
unconnected with the vast network which we shall presently notice. 
To the traveller in these wild regions, the aspect of such artificial 
agents of transport in the midst of a country, a great portion of 
which is still in the state of native forest, is most remarkable, and 
strongly characteristic of the irrepressible spirit of enterprise of 
its people. Travelling in the backwoods of Mississippi, through 
native forests, where, till within a few years, human foot never 
trod, through solitudes, the silence of which was never broken, 
even by the red man, we have been sometimes filled with wonder 
to find ourselves transported by an engine constructed at New- 
castle-on-Tyne, and driven by an artisan from Liverpool, at the 
rate of twenty miles an hour. It is not easy to describe the 
impression produced by the juxtaposition of these refinements of 
art and science with the wildness of the country, where one sees 
the frightened deer start from its lair at the snorting of the 
ponderous machine and the appearance of the snake-like train 
which follows it. 
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6. The first American railway was opened for passengers on the 
last day of 1829. It appears that in 1849, after an interval of just 
twenty years, there were in actual operation 6565 miles of railway 
in the States. The cost of construction and plant of this system 
of railways, according to official reports, was 53,386885/., being 
at the average rate of 81292. per mile. 

7. We have, however, before us documents which supply data 
to a more recent period, and have computed from them the follow* 
ing table, exhibiting the number of miles of railway which were 
in actual operation in the United States, the capital expended in 
their construction and plant, and the length of the lines in process 
of construction, but not yet completed in 1851 : — 



m 

\ 



6% 



Eastern States, including Maine, 
New Hampshire, Vermont, Mas- 
sachusetts, Rhode Island, and 
Connecticut .... 

Atlantic States, including New 
York, the Jerseys, Pennsylvania, 
Delaware, and Maryland . 

Southern States, including Virginia, 
the Carolinas, Georgia, Florida, 
and Alabama . 

Western States, including Missis- 
sippi, Louisiana, Texas, Tennes- 
see, Kentucky, Ohio, Michigan, 
Indiana, Illinois, Missouri, Iowa, 
and Wisconsin .... 

Totals and averages • . . 



Mile* 

2845 
3503 
2106 

1835 



23,100987 

27,952500 

8,253130 

7,338290 



Miles. 

567 
2020 
1283 

5762 



8120 
7979 
3919 

3999 



10289 



66,644907 



9632 



6478 



8. Of the total length of railways which overspread the territory 
of the Union, more than the half are constructed in the 8tates of 
Pennsylvania, New York, and those of New England. The 
principal centres from which these lines of communication diverge 
are Boston, New York, and Philadelphia. 

A considerable extent, though of less importance, diverges from 
Baltimore ; and recently lines of communication of great length 
have been constructed, from Charleston in South Carolina, and 
m -*m Savannah in Georgia, 



RAILWAYS OF NEW YORK. 

9. From Boston three trunk-lines issue ; the chief of which passes 
through the State of Massachusetts to Albany, on the Hudson. 
This line of railway is 200 miles in length, and appears destined 
to carry a considerable traffic. Its ramifications southward, 
through the smaller states of New England, are numerous, chiefly 
leading to the ports upon Long Island Sound, which commu- 
nicate by steam-boats with New York. The first branch is 
carried from Worcester, in Massachusetts, to New London on the 
Sound, where it meets a short steam-ferry which communicates 
with Greenport, at the eastern extremity of Long Island, from 
which another railway, nearly fifty miles long, is carried to 
Brooklyn, which occupies the shore of that island immediately 
opposite New York, and communicates with the latter city by a 
steam-ferry. 

Thus there is a continued railway communication from Boston 
to New York, interrupted only by two ferries. 

Another branch of the great Massachusetts line is carried south 
from Springfield, through Hartford to Newhaven; and a third 
from Pittsfield to Bridgeport, both the latter places being on the 
Sound, and communicating with New York by steamboats. 

The second trunk-line from Boston proceeds southwards to 
Providence, and thence to Stonington, from which it communicates 
by a ferry with the Long Island Railway. This trunk-line throws 
off a branch from Foxburgh to New Bedford, where it communi- 
cates by ferries with the group of islands and promontories 
olustered round Cape Cod. 

A third trunk-line proceeds from Boston through the State of 
Maine. 

10. Notwithstanding the speed and perfection of the steam 
navigation of the Hudson, a railway is constructed on the east side 
of that river to Albany. 

From Albany an extensive line of railway communication, 323 
miles in length, is carried across the entire State of New York to 
Buffalo, at the head of Lake Erie, with branches to some important 
places on the one side and on the other. This line forms the 
continuation of the western railway, carried from Boston to Albany, 
and, combined with this latter, completes the continuous railway 
communication from the harbour of Boston to that of Buffalo on 
Lake Erie, making an entire length of railway communication, 
from Boston to Buffalo, of 523 miles. 

The branches constructed from this trunk-line are not numerous. 
There is one from Schenectady to Troy, on the Hudson, and 
another from Schenectady to Saratoga ; another from Syracuse to 
Oswego, on Lake Ontario; and another from Buffalo to the falls of 
Niagara, and from thence to Lockport. 
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Not content with this fine line of communication to the Western 
Lakes, the commercial interests of New York have projected, 
and in part constructed, a more direct route from New York to 
Buffalo, independent of the Hudson. 

The disadvantage of this river as a sole means of communica- 
tion is, that, during a certain portion of the winter, all traffic 
upon it is suspended by frost. In this case, the line of railway 
communicating already from Bridgeport and Newhaven to Albany 
has been resorted to by travellers. However, it may be regarded 
as certain, that the intermediate traffic of the State of New York 
along the direct line of railway now in progress from that city to 
Buffalo, will very speedily be sufficient for the support of an inde- 
pendent line of railway. 

The immediate environs of New York are served by several 
short railways, as is usual indeed in all great capitals where the 
railway system of transport prevails. 

The line connecting that city with Haarlem is analogous in 
many respects to the Greenwich and Blackwall lines at London, 
and the Versailles and St. Germain lines at Paris. It is supported 
by a like description of traffic. The New York line, however, has 
this peculiarity, that it is conducted through the streets of the 
capital upon their natural level, without either cutting, tunnel, or 
embankment. The carriages, on entering the town, are drawn by 
horses, four horses being allowed to eaoh coach ; each coach car- 
rying from sixty to eighty persons, and being constructed like the 
railway coaches in general in the United States. 

The rails along the streets are laid down in a manner similar to 
that which is customary at places where lines of railway in 
England cross turnpike roads on a level. The surface of the 
rail is flush with the pavement, and a cavity is left for the flange 
to sink in. 

Other short railways, from New York to Paterson, Morristown, 
and Somerville, require no particular note. 

11. The great line of railway already described, from Boston to 
New York, is continued southwards from that capital to Phila- 
delphia. There are here two rival lines ; one of which, commenc- 
ing from Jersey city on the Hudson, opposite the southern part of 
New York, is carried to Bordentown, on the left bank of the 
Delaware, whence the traffic is carried by steamboats a few miles 
further to Philadelphia. The rival line commences from South 
Amboy in New Jersey, to which the traffio is brought from New 
York by steamers plying on the Kariton river, which separates 
New Jersey from Staten Island. From Amboy, the railway is 
continued to Camden, on the left bank of the Delaware, opposite 
Philadelphia. 
40 



DISTRIBUTION OF RAILWAYS. 

By far the greater part of the traffic between New York and 
Philadelphia is carried by the former line. 

12. Philadelphia is the next great centre from which railways 
diverge. One line is carried westward through the state of Penn- 
sylvania, passing through Reading, and terminating at Pottsville, 
in the midst of the great Pennsylvanian coal-field. There it con* 
nects with a network of small railways, serving the coal and iron 
mines of this locality. This line of railway is a descending line 
towards Philadelphia, and serves the purposes of the mining dis- 
tricts better than a level. The loaded trains descend usually with 
but little effort to the moving power, while the empty waggons are 
drawn back. 

The passenger traffic is chiefly between Reading and Phila- 
delphia. 

Another line of railway is carried westward through the state of 
Pennsylvania, passing through Lancaster, Harrisburg, the seat of 
the legislature, Carlisle, and Chambersburg, where it approaches 
the Baltimore and Ohio Railway. The length of this railway from 
Philadelphia to Chambersburg is 154 miles. The former, to 
Pottsville and Mount Carbon, is 108 miles, the section to Reading 
being 64. 

13. The rate at which this prodigious extent of public works has 
been executed will appear by the following table : — 

Tear. Mile !. in 

***'*• operation. 

1830 167 

1832 213 

1835 787 

1840 . . . . . . 2380 

1845 3659 

1846 4144 

1847 4249 

1848 ;..... 5258 

1849 7000 

1850 8797 

1851 10289 

14. It appears from returns still more recent that on the 1st of 
January, 1853, the number of miles of railway in operation was 
13315, and the number of miles in process of construction was 
12029 ; so that in the two years ending the first of January, 1853, 
a total extent of railway measuring 3026 miles was brought 
under traffic, and the construction of 2397 miles of new railway 
was commenced. 

15. The proportion in which this enormous extent of overland 
communication is distributed among the confederated States, and 
the proportion of its extent in each State to the superficial area 
and to the population, are exhibited in the following table i — 
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GREAT EXTENT OP RAILWAYS. 

It must be admitted that the results here exhibited present a 
somewhat astonishing spectacle. It appears from this statement 
that in 1853 there were in actual operation in the United States 
13315 miles of railway, and 12029 projected and in process of 
execution. So that when a few years more shall have rolled away, 
this extraordinary people will actually have above 25000 miles of 
iron road in operation. * 

16. It results from the above, compared with the previous 
report, that the average cost of construction has been diminished 
as the operations progressed. The average cost of construction of 
the 6500 miles of railway in operation in 1849 was 81292. per mile, 
whereas it appears from the preceding table that the actual cost of 
10289 miles, in operation in 1851, has been at the average rate of 
6478/. per mile. On examining the analysis of the distribution 
of these railways among the States, it appears that this discord- 
ance of the two statements is apparent rather than real, and 
proceeds from the fact that the railways opened since 1849, being 
chiefly in the southern and western States, are cheaply constructed 
lines, in which the landed proprietors have given to a great extent 
their gratuitous co-operation, and in which the plant and working 
stock is of very small amount, so that their average cost per mile 
is a little under 4000/. It is also worthy of observation that the 
distribution of this network of railways is extremely unequal, not 
only in quantity, but in its capability, as indicated by its expense 
of construction. Thus, in the populous and wealthy States of 
Massachusetts, New Jersey, and New York, the proportion of 
railways to surface is considerable, while in the southern and 
western States it is trifling. 

17. The States of Ohio, Indiana, and Illinois, which form the 
great highway along which the vast tide of western emigration 
flows, have, within the last few years, been making extraordinary 
exertions to complete a system of internal railway communication ; 
and, before ten years shall have elapsed, their extensive territory 
will be literally overspread with a network of railways and canals. 

18. A glance at any recent map of the internal communications of 
the United States will fill any reflecting observer with astonishment 
at the enterprise of this extraordinary people. A line of railway, 
already 1200 miles in length, and which is incessantly increasing, 
stretches along the Atlantio coast. There are besides not less than 
eight great trunk-lines extending from the seaboard to the interior :— 

Miles. 

1. Portland (Maine) to Montreal, communicating with the 

St. Lawrence and Ottowa rivers .... 300 

2. Boston to Ogdensburg, where the St. Lawrence issues 

from Lake Ontario 400 

3. Boston to Buffalo on Lake Erie 600 
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LOCOMOTION BY RIVER AND RAILWAY. 

Miles. 

4. New York to Lake Erie 400 

5. Philadelphia to Pittsburgh on the Ohio . . .400 

6. Baltimore to the Ohio 350 

7. Charleston, South Carolina, to Chatianoogy, in Tennessee 350 

8. Savannah, Georgia, to Decatur, Georgia, and Montgomery, 

on the Alabama 500 

There are also in progress of construction several detached lines 
of railway along the southern shores of the great lakes, intended 
to connect together the numerous cross-lines which traverse that 
country, and so to form an unbroken system of railway communi- 
cation with the interior. An extensive line commencing at Galena, 
on the Upper Mississippi, in the heart of the mining region, crosses 
the state of Illinois, and passing Chicago, skirts the southern shore 
of Lake Michigan. This line is complete and under traffic. 
From Michigan city it crosses the State of that name, arriving at 
Sandusky, on the southern shore of Lake Erie. From Sandusky 
this vast artery, following the shore of the lake, arrives at Dunkirk, 
where it unites with several great trunk-lines, which, traversing 
the States of New York and Pennsylvania, communicate with the 
seaboard at Baltimore, Philadelphia, and New York. The extent 
of this line, running west and east from the Mississippi to the 
Atlantic, is not less than 1800 miles. 

19. When it is considered that the railways in this country have 
cost upon an average about 40000J. per mile, the comparatively low 
cost of the American railways will doubtless appear extraordinary. 

This circumstance, however, is explained partly by the general 
character of the country, partly by the mode of constructing the 
railways, and partly by the manner of working them. With 
certain exceptions, few in number, the tract of country over which 
these lines are carried is nearly a dead level. Of earthwork there 
is but little ; of works of art, such as viaducts and tunnels, 
commonly none. Where the railways are carried over streams or 
rivers, bridges are constructed in a rude but substantial manner 
of timber supplied from the roadside forest, at no greater cost than 
that of hewing it. The station-houses, booking-offices, and other 
buildings, are likewise slight and cheaply constructed of timber. 
On some of the best lines in the more populous states the timber 
bridges are constructed with stone pillars and abutments, supporting 
arches of trusswork, the cost of such bridges varying from 46*. per 
foot, for 60 feet span, to 6 J. 10*. per foot for 200 feet span, for a 
single line, the cost on a double line being 50 per cent. more. 

20. When the railways strike the course of rivers, such as the 
Hudson, Delaware, or Susquehanna — too wide to be crossed by 
bridges — the traffic is carried by steam-ferries. The manage- 
ment of these ferries is deserving of notice. It is generally so 



CHEAPNESS OF CONSTRUCTION. 

arranged that the time of crossing them corresponds with a meal 
of the passengers. A platform is constructed level with the line of 
railway, and carried to the water's edge. Upon this platform 
rails are laid, by which the waggons which bear the passengers 1 
luggage and other matters of light and rapid transport are rolled 
directly upon the upper deck of the ferry-boat, the passengers 
meanwhile going under a covered way to the lower deck. The 
whole operation is accomplished in five minutes. While the boat is 
crossing the spacious river, the passengers are supplied with their 
breakfast, dinner, or supper, as the case may be. On arriving at the 
opposite bank the upper deck comes in contact with a like platform, 
"bearing a railway, upon which the luggage waggons are rolled; the 
passengers ascend, as they descended, under a covered way, and, 
xesuming their places in the railway carriages, the train proceeds. 
21. The prudent Americans have availed themselves of other 
sources of economy, by adopting a mode of construction adapted 
to the expected traffic. Formed to carry a limited commerce, the 
railways are frequently single lines, sidings being provided at 
convenient situations. Collision is impossible, for the first train 
'which arrives at a siding must enter it, and remain there until the 
following train arrives. This arrangement would be attended 
with inconvenience with a crowded traffic like that of many lines 
on the English railways, but even on the principal American lines 
the trains seldom pass in each direction more than twice a day, 
and their time and place of meeting is perfectly regulated. In the 
structure of the roads, also, principles have been adopted which 
have been attended with great economy compared with the English 
lines. The engineers, for example, do not impose on themselves 
the difficult and expensive condition of excluding all curves but 
those of large radius, and all gradients exceeding a certain small 
limit of steepness. Curves of 500 feet radius, and even less, are 
frequent, and acclivities rising at the rate of 1 foot in 100 are con- 
sidered a moderate ascent, while there are not less than fifty lines 
laid down with gradients varying from 1 in 100 to 1 in 75 ; never- 
theless, these lines are worked with facility by locomotives, without 
the expedient of assistant or stationary engines. The consequences 
- of this have been to reduce in an immense proportion the cost of 
earthwork, bridges, and viaducts, even in parts of the country 
-where the character of the surface is least favourable. But the 
chief source of economy has arisen from the structure of the line 
itself. In many oases where the traffic is lightest, the rails consist 
of flat bars of iron, two-and-a-half inches broad and six-tenths of 
an inch thick, nailed and spiked to planks of timber laid longi- 
tudinally on the road in parallel lines, so as to form what are 
nailed continuous bearings. Some of the most profitable Aso&nsK&k. 
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railways, and those of which the maintenance has proved leas*^* 
expensive, have been constructed in this manner. The 
structure, however, varies according to the traffic. Hails 
sometimes laid weighing only from 25 lb. to 30 lb. per yard, 
some cases of great traffic they are supported on transverse sleepera^^ 
of wood, like the European railways ; but in consequence of the^^^ 
comparative cheapness of wood and the high price of iron, the *^ 
strength necessary for the road is mostly obtained by reducing " 
the distance between the sleepers, so as to supersede the necessity 
of giving greater weight to the rails. 

22. The same observance of the principles of economy is main- 
tained with regard to their locomotive stock. The engines are 
strongly built, safe, and powerful, but are destitute of much of 
that elegance of exterior and beauty of workmanship which have 
excited so much admiration in the machines exhibited in the 
Crystal Palace. The fuel is generally wood, but on certain lines 
near the coal districts coal is used. The use of coke is nowhere 
resorted to. Its expense would make it inadmissible, and in a 
country so thinly inhabited, the smoke proceeding from coal is not 
objected to. The ordinary speed, stoppages included, is from 
fourteen to sixteen miles an hour. Independently of other consi- 
derations, the light structure of many of the roads would not allow 
a greater velocity without danger ; nevertheless, we have frequently 
travelled on some of the better constructed lines at the ordinary speed 
of the English railways, say thirty miles an hour and upwards. 

Of late years, however, many exceptions to this system of 
economical construction are presented. The competition for goods 
traffio which has been recently produced by the great and rapid 
extension of railway communication has induced the companies to 
impose a more strict limit on the gradients and curves, and the 
engineer is often restricted in laying out the lines to gradients not 
exceeding forty feet per mile, and curves not less than 2000 
feet radius. 

23. The lines are also more generally now built with greater soli- 
dity. The flat bar rail is fast giving way to rails of the more durable 
form, weighing from 40 lb. to 60 lb. per yard. On the Camden and 
Amboy roads, rails have lately been laid down, having a depth of 
not less than seven inches, and weighing 90 lb. per yard. 

Within the last few years, also, more attention has been given 
to the style of the engines. They still continue generally light 
compared with the English locomotives, but the working machi- 
nery vies with that of the river boats in beauty of workmanship, 
and the engine is often even covered with a profusion of super- 
fluous ornament. 

On the railways of the Northern and Eastern States, the platform 
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on which, the engine-driver stands is now invariably surrounded and 
covered so as to shelter the engine-driver from the inclemency of the 
weather, from the cold, wind, and snow in winter, and the scorch- 
ing rays of the sun in summer. This covering is glazed at the front 
and the sides, so as to enable the driver to see the line before him, 
and at either side, and to prevent, at the same time, the blinding 
effect of rain, snow, or sleet. He is thus always enabled to act with 
promptitude and energy in case of any accident or emergency. 

24. All passenger-carriages on these lines, which make long 
trips of above twelve hours, are furnished at one extremity with a 
saloon for ladies only, supplied with sofas, chairs, and all the 
necessary comforts and conveniences. 

The form and structure of the carriages is a source of consider- 
able economy in the working of the lines. The passenger carriages 
are not distinguished, as in Europe, by different modes of pro- 
viding for the ease and comfort of the traveller. There are no 
first, second, and third classes. All are first class, or rather all 
are of the same class. The carriage consists of a long body like 
that of a London omnibus, but much wider, and twice or thrice 
the length. The doors of exit and entrance are at each end ; a 
line of windows being placed at each side, similar exactly to those 
of an omnibus. Along the centre of this species of caravan is an 
alley or passage, just wide enough to allow one person to walk 
from end to end. On either side of this alley are 3eats for the 
passengers, extending crossways. Each seat accommodates two 
persons ; four sitting in each row, two at each side of the alley. 
There are from fifteen to twenty of these seats, so that the carriage 
accommodates from sixty to eighty passengers. In cold weather, a 
small stove is placed near the centre of the carriage, the smoke-pipe 
of which passes out through the roof; and a good lamp is placed 
at each end for illumination during the night, The vehicle is thus 
perfectly lighted and warmed. The seats are cushioned; and 
their backs, consisting of a simple padded board, about six inches 
broad, are so supported that the passenger may at his pleasure turn 
them either way, so as to turn his face or his back to the engine. For 
the convenience of ladies who travel unaccompanied by gentlemen, 
or who otherwise desire to be apart, a small room, appropriately 
furnished, is sometimes attached at the end of the carriage, admis- 
sion to which is forbidden to gentlemen. 

25. It will occur at once to the engineer, that vehicles of such 
extraordinary length would require a railway absolutely straight ; 
it would be impossible to move them through any portion of a line 
which has sensible curvature. Curves which would be altogether 
inadmissible on any European line are nevertheless admitted in 
the construction of American railways without difficulty or hesi- 
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tation, and through these the vehicles just described move with 
the utmost facility. This is accomplished by a simple and effectual 
arrangement. Each end of this oblong caravan is supported on a 
small four-wheeled railway truck, on which it rests on a pivot ; 
exactly similar to the expedient by which the forewheels of a 
carriage sustain the perch. These railway carriages have in fact 
two perches, one at each end; but instead of resting on two 
wheels, each of them rests on four. The vehicle has therefore the 
facility of changing the direction of its motion at each end ; and 
in moving through a curve, one of the trucks will be in one part 
of the curve while the other is at another, — the length of the body 
of the carriage forming the chord of the intermediate arc ! For the 
purposes they are designed to answer, these carriages present many 
advantages. The simplicity of the structure renders the expense 
of their construction incomparably less than that of any class of 
carriage on an European railway. But a still greater source of 
saving is apparent in their operation. The proportion of the dead 
weight to the profitable load is far less than in the first or second- 
class carriages, or even than in the third-class on the English 
railways. It is quite true that these carriages do not offer to the 
wealthy passenger all the luxurious accommodation which he finds 
in our best first-class carriages ; but they afford every necessary 
convenience and comfort. 
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CHAPTEE rn. 

1. Kailways carried to centre of cities — Mode of taming corners of streets. 
— 2. Accidents rare. — 3. Philadelphia and Pittsburgh line. — 4. Ex* 
tent and returns of railways. — 5. Traffic returns. — 6. Western lines 
— Transport of agricultural produce. — 7. Prodigious rapidity of 
progress. — 8. Extent of common roads. — 9. Railways chiefly single 
Hues. — 10. Organisation of companies and acts of incorporation. -~ 
11. Extent of railways in proportion to population. — 12. Great advan- 
tages of facility of inland transport in the United States. — 13. Passen- 
gers not classed. — 14. Recent report on the financial condition of the 
United States railways. — 15. Table of traffic returns on New England 
lines. — 16. Cuban railways. — 17. Recapitulation. 

1. Ik several of the principal American cities, the railways are 
continued to the very centre of the town, following the windings 
of the streets, and turning without difficulty the sharpest corners. 
The locomotive station is, however, always in tike suburbs. 
Having arrived there, the engine is detached from the train, and 
Lardneb's Museum or Science. b 49 
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horses are yoked to the carriages, by which they are drawn to the 
passenger depot, usually established at some central situation. 
Four horses are attached to each of these oblong carriages. The 
sharp curves at the corners of the streets are turned, by causing 
the outer wheels of the trucks to run upon their flanges, so that 
they become (while passing round the curve) virtually larger 
wheels than the inner ones. I have seen, by this means, the 
longest railway carriages enter the depots in. Philadelphia, Balti- 
more, and New York, with as much precision and facility as was 
exhibited by the coaches that used to enter the gateway of the 
Golden Cross or the Saracen's Head. 

2. Notwithstanding the apparently feeble and unsubstantial 
structure of many of the lines, accidents to passenger trains are 
scarcely ever heard of, It sjgpeana by retains now before us that 
of 9,355474 passengerthbooflBd in 1850 oil the crowded railways of 
Massachusetts, each passenger making an average trip of eighteen 
miles, there were only fifteen who sustained accidents fatal to life 
or limb. It follows from this, that when a passenger travels one 
mile on these railways, the chances against an accident producing 
personal injury, even of the slightest kind, are 11,226568 to 1 ; 
and, of course, in a journey of 100 miles, the chances against such 
accident are 112266 to 1. It has been shown that the chances 
against accident on an English railway, under like circumstances, 
are 40000 to 1.* The American railways are, therefore, safer 
than the English in the ratio of 112 to 40. 

3. A great line of communication was established, 400 miles in 
length, between Philadelphia and Pittsburg, on the left bank of 
the Ohio, composed partly of railway and partly of canal. The 
section from Philadelphia to Colombia (eighty-two miles) is rail- 
way ; the line is then continued by canal for 172 miles to Holi- 
daysburg ; it is then carried by railway thirty-seven miles to 
Johnstown, whence it is continued 104 miles further to Pittsburg 
by canal. The traffic on this mixed line of transport was con- 
ducted so as to avoid the expense and inconvenience of tranship- 
ment of goods and passengers at the successive points where the 
railway and canals unite. The merchandise was loaded and the 
passengers accommodated in the boats adapted to the canals at 
the depot in Market Street, Philadelphia. These boats, which 
were of considerable magnitude and length, were divided into 
segments by partitions made transversely, and at right angles to 
their length, so that each boat can be, as it were, broken into three 
or more pieces. These several pieces were placed each on two 
railway trucks, which support it at its ends, a proper body being 

* Museum, VoL i. f p. 168. 
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provided for the tracks, adapted to the form of the bottom and 

keel of the boat. In this manner the boat was carried in pieces, 

with its load, along the railway. On arriving at the canal, the 

pieces were united so as to form a continuous boat, which being 

launched, the transport is continued on the water. On arriving 

again at the railway, the boat was once more resolved into its 

segments, which, as before, were transferred to the railway trucks, 

and transported to the next canal station by locomotive engines. 

Between the depot in Market Street and the locomotive station, 

situated in the suburbs of Philadelphia, the segments of the boat 

"were drawn by horses on railways conducted through the streets. 

At the locomotive station the trucks were formed into a continuous 

'train, and delivered over to the locomotive engine. As the body 

of the truck rests upon a pivot, under which it is supported 

"by wheels, it is capable of revolving, and no difficulty is found in 

turning the shortest curves ; and these enormous vehicles, with 

their contents of merchandise and passengers, were seen daily 

issuing from the gates of the depot in Market Street, and turning 

with facility the corners at the entrance of each successive street. 

More recently, a continuous line of railway has been completed, 

and is now in operation, between Philadelphia and Pittsburgh. 

Indeed, so rapid is the progress of improvement in the United 

States, that a report of the state of inland communication, as it 

existed a year or two ago, will be found to be full of inaccuracies 

as applied to the present moment. 

4. By a comparison of the returns published in my work 
already quoted, with the more recent results already given, 
it will appear that within the last four years not less than 
6750 miles of railway have been opened for traffio in the 
United States. Among these are included several of the most 
important lines, of which the most especially to be noticed is the 
great artery of railway communication extending across the State 
of New York to the shores of Lake Erie, the longest line which any 
single company has yet constructed in the United States, its length 
"being 467 miles. The total cost of this line, including the working 
stock, has been 4,5000002. sterling, being at the average rate 'of 
96362. per mile — a rate of expense about 50 per cent, above the 
average cost of the American railways taken collectively. This is 
explained by the fact that the line itself is one constructed for a 
large traffio between New York and the Interior, and therefore 
"built to meet a heavy traffic. Immediately after being opened, its 
average receipts have amounted to 110002. per week, which gave 
a net profit of 6£ per cent, on the capital, the working expenses 
being taken at 50 per cent, of the gross receipts. One of the great 
lines connects New York with Albany, following the valley of tkfc 
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Hudson. It will no doubt create surprise, considering the immense 
faoility of water transport afforded by this river, that a railway 
should be constructed on its bank, but it must be remembered that 
for a considerable interval during the winter the navigation of the 
Hudson is suspended from the frost. 

5. It is difficult to obtain authentic reports from which the 
movement of the traffio on the American railways can be ascer- 
tained with precision. I obtained, however, the necessary statis- 
tical data relating to nearly 1200 miles of railway in the states 
of New England and New York, from which I was enabled to 
collect all the circumstances attending the working of these lines. 

It appears from calculations, the details of which will be 
found in my work,* that upon those railways the total average 
receipts per mile per annum was 46942., and that the profit per 
cent, of capital amounted to 8*6 per cent. 

6. It appears by recent and well-authenticated returns, that the 
Western lines, most of which are of recent construction, and derive 
their revenue almost exclusively from the transport of agricultural 
produce, have proved even more profitable than the Eastern Rail- 
ways, whose traffic is chiefly passengers. A large proportion of 
these Western lines paid from 7 to 10 per cent., even before they 
were quite completed, according to a report obtained by the 
" Times."f This prosperous result was obtained even from the lines 
which traversed uncleared districts and dense forests. The source 
of this advantage is the profit sure to be obtained from the transport 
of agricultural produce. In these districts there are no inland 
markets. The farmer is obliged to send his produce either to the 
sea-coast or to the bank of one of the great rivers, where alone 
markets are found. There alone are the manufacturers, and there 
alone the exporting merchants established. It has been proved 
that agricultural produce can, at least in the United States, be 
transported on railways at one-tenth of the expense of its carriage 
on common roads. In the following table (page 53) is given the 
comparative value of a ton of wheat and of maize at various dis- 
tances from the farm-yard, the cost of its transport by each mode of 
conveyance being deduoted from its cost at the place of production. 

It appears, therefore, that the whole value of wheat is absorbed 
by the cost of its transport 330 miles on a common road, while 10 
per cent, of its value is absorbed by its transport the same distance 
by railway. In like manner, while the entire value of maize is 
absorbed by its transport over 160 miles of common road, no more 
than 9} per cent, of its value is absorbed by transport to the same 
distance by railway. 

* Railway Economy, chap, xvi + September 8, 1858. 
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These results are important to the holder of stock in these 
western lines, in so far as they demonstrate how permanent and 
secure must be the revenue of the western railroads. The vast 
bulk of the western population is agricultural, and will long con- 
tinue to be so, and by far the largest proportion of the receipts of 
their railways will be from the transportation of freight. There 
is, besides, hardly a country in the world where the same amount 
of labour produces an equal amount of freight. These, and other 
reasons which will suggest themselves from the facts given, go to 
show how solid the basis would seem to be for the prosperity of 
the western roads generally, while the premium for which. tLss. 
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stocks are selling, and the dividends they divide, illustrate the 
matter by incontestable facts. 

The year 1852 was the most prosperous year for the American 
western railroads in operation and in progress. Their increased 
earnings are said, upon good authority, to average an increase 
of 15 per cent, upon their mileage, and 10 per cent, upon their 
cost. This vast increase is attributed partly to abundant crops 
and partly to a general increase of activity in every -department 
of business; but in that country more than in any other, the 
extension of the railroad system seems likely to exert a beneficial 
effect upon each individual railroad for itself. There is scarcely 
such a thing now heard of as travelling or freight transportation, 
except on railroads or by water. The public sees that undue 
importance has been hitherto attached to canals, and it is now 
found to be difficult, if indeed it will not ultimately prove impos- 
sible, to get the people of the State of New York to appropriate 
10,000,000 dollars more for the final enlargement or completion of 
the canals already built in that State alone. Transportation or 
travel by canals is too slow — it does not suit the electric speed of 
the age. We may, therefore, expect in the future that little more 
will be done for canals, while a network of railroads seems destined 
inevitably to cover that continent. 

7. Americans themselves can hardly imagine the railroad progress 
of the United States till they come to the figures of what has 
actually been done ; much less can they comprehend their probable 
progress in the future. Those who have bestowed the most 
reflection on the subject entertain no doubt that the construction of 
railways in the south-west and west — that boundless granary of the 
world — will continue and increase with augmented ratio for a long 
time to come. If that vast district should be supplied with railways 
as Massachusetts now is, it would demand at least 100000 miles 
of railway ! What political economist in England or in America 
can fail to draw an inference here in favour of Free Trade P With 
the superior facilities of Great Britain for manufacturing iron, and 
the still greater facilities of the United States for the prosecution of 
agriculture, who is so blind as not to see that they ought to take 
our iron and to pay for it in bread, unless bad and unhealthy legis- 
lation interrupt this natural order of the law of Providence P * 

8. The extraordinary extent of railway constructed at so early 
a period in the United States has been by some ascribed to the 
absence of a sufficient extent of communication by common roads. 
Although this cause has operated to some extent in certain districts, 
it is by no means so general as has been supposed. In the year 

• V Times," September 3, 1853. 
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1838, the United States mails circulated over a length of way 
amounting on the whole to 136218 miles, of which two-thirds 
were land transport, including railways as well as common roads. 
Of the latter there must have been about 80000 miles in operation, 
of which, however, a considerable portion was bridle-roads. The 
price of transport in the stage coaches was, upon an average, 
3*25(2. per passenger per mile, the average prioe by railway being 

about l*47cZ. per mile. 

From what has been stated above, it will be apparent that the 

true cause of the vast extension of railways in the United States is 

-the immense economy and speed of transport upon them compared 

■with transport on common roads. r 

9. Of the entire extent of railway constructed in the United 
States, by far the greater portion, as has been already explained, 
consists of single lines, constructed in a light and cheap manner, 
"which in England would be regarded as merely serving temporary 
purposes : while, on the contrary, the entire extent of the English 
system consists, not only of double lines, but of railways con- 
structed in the most solid, permanent and expensive manner, 
adapted to Hie purposes of an immense traffic. If a comparison 
were to be instituted at all between the two systems, its basis ought 
to be the capital expended, and the traffic served by them, in 
which case the result would be somewhat different from that 
obtained by the mere consideration of the length of the lines. It 
is not, however, the same in reference to the canals, in which it 
must be admitted that America far exceeds all other countries in 
proportion to her population. 

10. The American railways have been generally constructed 
by joint-stock companies, which, however, the State controls 
much more stringently than in England. In some cases a major 
limit to the dividends is imposed by the statute of incorporation, 
in some the dividends are allowed to augment, but when they 
exceed a certain limit the surplus is divided with the State ; in 
aome the privilege granted to the companies is only for a limited 
period, in some a sort of periodical revision and restriction of 
the tariff is reserved to the State. Nothing can be more simple, 
expeditious, and cheap than the means of obtaining an act for 
the establishment of a railway company in America. A public 
meeting is held at which the project is discussed and adopted, a 
deputation is appointed to apply to the Legislature, which grants 
the Act without expense, delay, or official difficulty. The prinr 
ciple of competition is not brought into play as in France, nor is 
there any investigation as to the expediency of the project with 
reference to future profit or loss, as in England. No other 
guarantee or security is required from th& Qoxugax^ A3&s»l <&& 
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payment by the shareholders of a certain amount, constituting the 
first call. In some States the non-payment of a call is followed 
by the confiscation of the previous payments, in others a fine is 
imposed on the shareholders, in others the share is sold, and if the 
produce be less than the price at which it was delivered, the surplus 
can be recovered from the shareholder by process of law. In all 
cases the Acts creating the companies fix a time within which the 
works must be completed, under pain of forfeiture. The traffic in 
shares before the definite constitution of the company is prohibited. 

Although the State itself has rarely undertaken the execution of 
railways, it holds out, in most cases, inducements in different 
forms to the enterprise of companies. In some cases the State 
takes a great number of shares, which is generally accompanied by 
a loan made to the company, consisting in State stock delivered at 
par, which the company negotiate at its own risk. This loan is 
often converted into a subvention. 

11. The great extent of internal communication, by railways 
and canals, in America, in proportion to its population, has been 
a general subject of admiration. The population of the United 
States in 1840 amounted to 17 millions, and if its rate of increase 
during the ten years commencing at that epoch be equal to the 
rate during the preceding ten years, its present population must be 
about 23 millions. There are, as I have stated, about 6500 miles 
of railway in actual operation within the territory of the Union. 
This, in round numbers, is at the rate of one mile of railroad for 
every 3200 inhabitants. 

In the United Kingdom, there are in operation 5000 miles of 
railway, with a population of 30 millions, which is at the rate of 
one mile for every 6000 inhabitants. 

It would therefore appear that, in proportion to the population, 
the length of railway communication in the United States is greater 
than in the United Kingdom in the proportion of 6 to 3£. The re- 
sult of this calculation, however, requires considerable modification. 

12 There is no country where easy and rapid means of com- 
munication are likely to produce more beneficial results than in the 
United States. Composed of twenty-six independent republics, 
having various, and in some instances opposite interests, the 
American confederacy would speedily be in danger of dissolution, if 
its population, scattered over a territory so vast, were not unitecL by 
communications sufficiently rapid to produce a practical diminution 
of distance. In this means of intercommunication, Nature has 
greatly aided the efforts of art, for certainly no country in the world 
presents such magnificent lines of natural water communication. 

To say nothing of the streams which intersect the Atlantic 
States, and carry an amount of inland steam navigation wholly 
56 
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unexampled in Europe, we have the gigantic stream of the Missis- 
sippi, intersecting the immense valley to which it gives its name, 
with innumerable tributaries, navigable by steam-boats having a 
tonnage of first-rate ships for many thousands of miles, and tra- 
versing territories which present immense tracts of soil, of the 
highest degree of fertility, as well as sources of mineral wealth 
which are as yet unexplored. 

13. On the American railways, passengers are not differently 
classed, or admitted at different rates of fare, as on those in 
Europe. There is but one class of passengers and one fare. In 
one or two instances, second and third-class carriages were 
attempted to be established, but it was found that the number of 
passengers availing themselves of the lower fares and inferior 
accommodation was so small that they were discontinued. The only 
distinction observable among passengers on railways is that which 
arises from colour. The coloured population, whether emancipated 
or not, are generally excluded from the vehicles provided for the 
whites. Such travellers are but few ; and they are usually accom- 
modated either in the luggage van or in the carriage in which the 
guard or conductor travels. 

14. We take the following observations on the financial con- 
dition of the railways of the United States from the report already 
quoted from, the " Times." Although it emanates evidently from 
a partisan, it is from an intelligent, well-informed, and honest 
partisan, and is well deserving of attention. 

" 1. In all instances the railroads of the United States have 
received their charters from the governments of the several States 
through which their routes extend. I am not aware, with a few 
exceptions, of an instance in which the application of a company 
for a charter for a railway has been refused, provided the responsi- 
bility of the applicants, or the amount of capital stock subscribed, 
has afforded a satisfactory guarantee for the execution of their 
designs. The powers and privileges conferred by these State 
charters are very similar to those conferred by the British Par- 
liament. Railroad property in the United States occupies the 
same relations to State Governments as the property of individuals. 
The companies are independent in their action, and responsible to 
the State authorities as private citizens. 

" 2. I shall dwell more particularly upon the western railroads, 
because their history, condition, and prospects more materially 
concern European readers, their bonds being those now most 
frequently in the market. A very large number of the western 
railroads have obtained their charters under what are termed 
general railroad laws, in distinction from special statutes enacted 
for the incorporation of companies named, mthxn. W\a ks&&. 



LOCOMOTION BY RIVER AND RAILWAY. 

Within the last few years the tendency in this country has been 
to general rather than to special legislation. The great States 
(New York leading the way) have many of them enacted general 
laws authorising the construction and providing for the manage- 
ment of railways, as well as other corporations and great insti- 
tutions. General railroad laws now exist in New York, Illinois, 
Ohio, Indiana, and Wisconsin, in all which States special charters 
conferring special powers are prohibited. The same principle of 
legislation will doubtless be adopted in other States. There ard 
many advantages to the public in general laws, particularly as 
they concern railways ; for monopolies are thereby rendered impos- 
sible, and the principle of laisser /aire is adopted and carried out 
with the least possible interference with private rights. Under 
their operation, associations of men have the same right to 
construct railroads as to build factories or ships, and it is found by 
experience that each community is fully competent to regulate its 
own affairs. 

"3. The stock and bonds of railroads are regarded as personal 
property, and, as such, within specific limitations, subject to tax- 
ation. No tax ever can be laid upon the bed of a road, its iron, 
cars, &o. ; but where valuable real estate is owned for depots, 
taxes may be levied. But shares and bonds can only be taxed to 
the holder thereof; and, of course, cannot be taxed when held 
abroad. In this respect, European holders of American shares and 
stocks have an advantage over ourselves. 

"4. Companies organised under general laws cannot be dis- 
solved without special authority from the legislature of a State ; 
and, if the time comes that any American railway company asks 
for a dissolution, then, and then only, will the property of the 
company be distributed pro rata among the stockholders. I do 
not know of a single onerous condition or obligation laid upon an 
American railroad company by any State, while I am not aware 
that any railroad corporation has been formed in England of which 
the same can be said. 

"5, No railroad can exist in the United States that has any 
right to declare dividends until it has discharged all its obligations 
due at the time ; and all its bonds and debts of every description 
take precedence, and can be prosecuted and collected before the 
original stockholders can either receive a dividend or profit from it 
in any shape whatever. If there be a failure to pay its bonds or 
mortgages, the bondholders or mortgagees can, by a short and 
simple legal process, become vested with entire control over 
the property, and manage it on their own account. In other 
words, the right to apply the well-known principles of law to the 
relation of mortgagees and mortgagors obtain in all our railroads, 
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and they can be enforced by any court of equity within the judicial 
district. The payment of railroad bonds is generally secured by 
deed of trust to some known and responsible citizen of New York 
as trustee, with full power given in the deed to tho trustee to 
take possession of the road, its income, franchises, personal effects, 
&c, in case of default, and to sell the same for cash to the highest 
bidder, at sixty days' notice, without the intervention of a Court 
of Chancery. 

" 6. Nearly all the bonds issued by American railways have the 
same general features. They are either secured by mortgage upon 
the property of the roads themselves, or they are common bonds 
for the payment of money. But they are subdivided into two 
classes — those which are convertible into stock at the option of the 
owner, to the amount on their face, whenever the holder sees fit ; or 
they have no such condition attached. Convertible bonds have an 
advantage over the latter, inasmuch as they can be converted into 
stock so soon as that stock rises above par. This condition has 
been found peculiarly advantageous to many of the holders of the 
bonds on the western roads, since the stocks of most of these 
roads have gone above par as soon as they were completed. 

" 7. Nearly all the western railroads were projected and built 
for the special benefit of the people themselves in those districts 
through which they pass. Their sole object was to be brought 
nearer to a market for their produce, and many municipal bodies 
subscribed for stocks with no expectation that they would ever 
become valuable in any othetf way. Capital was scarce in the 
•west, as it is in most new countries. There was a serious want of 
outlets to New York and navigable streams. Hence these rail- 
roads were undertaken with the expectation of general advan- 
tages to the community. But cities and counties could not create 
debts, or expend the money in their treasuries for such purposes, 
without special authorisation from the State legislatures. The 
object of this was to give character and legality to their acts, that 
they might have binding force, and also to equalise the burden of 
those debts over the owners of property in those sections. The 
charters, therefore, of almost all the western railroads authorised 
those cities and counties through which they passed to subscribe 
by a uniform mode to the stock of those roads. But invariably 
one safe condition was attached to this permission — that such 
action should also be authorised by a vote of the majority of the 
citizens themselves. This voluntary principle has worked admi* 
rably ; because no city or county has had the right to subscribe 
for stock in roads until a majority of the voters thereof so decided; 
and thus the highest sanction of the will of the taxpayers and of 
law was imparted to their action. In no one instance <ws. "L 
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ascertain that any city or county has thus incurred a debt of 
more than from 2 to 5 per cent, on the taxable property of its 
citizens. The amount subscribed by cities and counties has 
ranged from 50,000 to 400,000 dollars, where the taxables would 
rise as high as from 4,000,000 to 16,000,000 dollars. 

"8. These municipal debts thus created have been secured by 
all the guarantees that the State legislatures could throw around 
them. The cities and counties have been required to levy and 
collect, in case of necessity, taxes (as any and all other municipal 
taxes are) from their own citizens, sufficient to pay the interest, 
and provide a balance as a sinking fund to pay off the debt, when 
it should finally become due. In no instance has any western 
city or county hitherto neglected to do this, nor is it fikely that 
any ever will. 

" 9. The bonds thus issued to railroad companies by cities and 
counties are guaranteed by the roads, and then sold in the market. 
Jhey have all the legal force of a lien on all the property of those 
cities or counties, real and personal, and, if the proper authorities 
do not provide for the payment of the interest and principal, a 
mandamus, or an ordinary suit at law, can be issued, by which all 
the real and personal property of the citizens of those cities and 
counties can be attached and sold. Many years since the city of 
Bridgeport, in Connecticut, gave her bonds to a railway company 
for 100,000 dollars. For some reason the payment of these bonds 
was delayed. A holder brought a suit against the city in the 
State Court, and the Supreme Court decided on appeal that the 
individual property, real and personal, of each citizen, was liable for 
the debt of the city, and could be sold on execution of the decree. 

" 10. The operation of these laws and of this system of sub- 
scription to roads has been uniformly, I believe, beneficent. I 
cannot learn that there is a completed road in Ohio, for instance, 
that has paid less than from 10 to 14 per cent. ; and, as in a great 
majority of instances, the cities and counties that gave their bonds 
have been enabled, either by converting them at their will into 
stock or otherwise, to sell them, and often at a large premium, 
thus realising large profits for thus lending their credit. The city 
of Cleveland, in Ohio, subscribed 400,000 dollars to two or three 
roads, and she is now selling that stock at a premium of from 24 
to 27 dollars advance. Her taxable property since 1849 has risen 
from 3,000,000 to 7,000,000 dollars, while the population as well 
as taxable property has increased in almost the same ratio in those 
cities and those counties throughout the west where railroads have 
been built." 

15. It would be extremely interesting, were it practicable, to 
obtain even an approximate estimate of the actual commerce in 
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passengers and goods on the American railways. No such general 
return, however, is attainable. In my work on Railway Economy, 
in the absence of more complete information, I have given the neces- 
sary statistical data to determine the commerce on nearly twelve 
hundred miles of railway in the States of New England and in 
that of New York, from which I was enabled to calculate all 
the circumstances attending the working of these lines. I have, 
accordingly, given these in the following table : — 

Tabulae Analysis of the average daily Movement of the Traffic on 
Twenty-eight principal Railways in the States of New England 
and in the State of New York during the year 1847. 
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* The reports do not supply the tonnage and mileage of these railways 
separately, and the above numbers are estimated by analogy w.th the other 
American railways. 
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Miles. 

Total length of the above railways in the State of New York 490 

„ „ „ States of New England 670 

Total 1160 

Average cost of construction and stock per mile in the 

State of New York 7,010 

„ „ „ States of New England 10,800 



General average . . . 9,200 

Receipt* Expenses. Profits. 
Total average receipts, expenses, and profits 

per day in the State of New York . 1654 684 970 

„ „ States of New England S040 1505 1535 

Totals .... 4694 2189 2505 

Per Mile of Per Mile run Per Cent, per 

Railway per day. by Trains. Annum on Capital. 

Receipts . • . 4*05 7 5 16*1 

Expenses . . . 1*89 3 5J 7*5 

Profits . . 2-16 2 Hi 8*6 

Expense per cent, of receipts . . .46*8 

Average receipts per passenger booked • . 27*0(2. 

Average distance travelled per passenger . • . 18 2 miles. 

Average receipts per passenger per mile • . l'A7d. 

Average number of passengers per train . . . 54*0 

Total average receipts per passenger train pex mile 7*. 

Average receipts per ton of goods booked • . 5*. 8J<J. 

Average distance carried per ton . • • .88*0 miles. 

Average receipts per ton per mile . . • . l'Sd. 

Average number of tons per train . . . 54*5 

Total average receipts per goods train per mile . 8*2*. 

The railways, of the traffic of which I have here given a 
synopsis, include the most active and profitable enterprises of this 
kind in the United States. We cannot, therefore, infer from the 
results obtained the corresponding movement on the remaining 
lines. It appears that of the entire system of American railways, 
the dividends, exclusive of those contained in the preceding 
analysis, are in general small, and in many instances nothing. 
It is therefore probable that, in the aggregate, the average profits 
on the total amount of capital invested in the railways do not 
exceed, if they equal, the average profits obtained on the capital 
invested in English railways. 

16. Although Cuba is not yet annexed to the United States, its 
'local proximity here suggests some notice of a line of railway 
Which traverses that island, forming a communication between the 
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city of Havannah and the centre of the island. Tltfs is an excel- 
lently constructed road, and capitally worked by British engines, 
British engineers, and British coals. The impressions produced 
in passing along this line of railway, though different from those 
already noticed in the forests of the far west, is not less remark- 
able. "We are here transported at thirty miles an hour by an 
engine from Newcastle, driven by an engineer from Manchester, 
and propelled by fuel from Liverpool, through fields yellow with 
pine-apples, through groves of plantain and cocoa-nut, and along 
roads inclosed by hedge-rows of ripe oranges. 

17. To what extent this extraordinary rapidity of advancement 
made by the United States in its inland communications is observ- 
able in other departments will be seen by the following table, 
exhibiting a comparative statement of those data, derived from 
official sources, which indicate the social and commercial condition 
of a people through a period which forms but a small stage in the 
life of a nation: — 



1793. 



1851. 



Population • 

Imports . • 

Exports 

Tonnage . 

Lighthouses, beacons, and lightships 

Cost of their maintenance 

Revenue . 

National expenditure 

Post-offices 

Post roads (miles) 

Revenues of Post-office 

Expenses of Post-office 

Mileage of mails 

CaDals (miles) 

Railways (miles) . 

Electric telegraph (miles) . 

Public libraries (volumes) 

School. libraries (volumes) . 



3,939,325 

£6,739,130 

£5,675,869 

520,704 

7 

£2,600 

£1,230,000 

£1,637,000 

• 209 

5,642 

£22,800 

£15,650 



75,000 



24,267,488 

£38,723,545 

£32,367,000 

3,535,451 

373 

£115,000 

£9,516,000 

'£8,555,000 

21,551 

178,670 

£1,207,000 

£1,130,000 

46,541,423 

5,000 

10,287 

15,000 

2,201,623 

2,000,000 



If they were not founded on the most incontestable statistical 
data, the results assigned to the above table would appear to 
belong to fable rather than history. In an interval of little more 
than half a century it appears that this extraordinary people have 
increased above 500 per cent, in numbers ; their national revenue 
has augmented nearly 700 per cent., while their public expendi- 
ture has increased little more than 400 per cent. The prodigious 
extension of their commerce is indicated by an increase of nearly 
500 per cent, in their imports and exports, and 600 per cent, in, 
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their shipping. The increased activity of their internal communi- 
cations is expounded by the number of their post-offices, which 
has been increased more than a hundred fold ; the extent of their 
post-roads, which has been increased thirty-two fold; and the cost 
of their post-office, which has been augmented in a seventy-two 
fold ratio. The augmentation of the machinery of public instruc- 
tion is indicated by the extent of their public libraries, which 
have increased in a thirty-one fold ratio, and by the creation of 
school libraries, amounting to 2,000,000 volumes. They have 
completed a system of canal navigation, which, placed in a con- 
tinuous line, would extend from London to Calcutta ; and a system 
of railways which, continuously extended, would stretch from 
London to Van Diemen's Land, and have provided locomotive 
machinery by which that distance would be travelled over in three 
weeks, at the cost of 1 Jd. per mile. They have created a system 
of inland navigation, the aggregate tonnage of which is probably 
not inferior in amount to the collective inland tonnage of all the 
other countries in the world ; and they possess many hundreds of 
river steamers, which impart to the roads of water the marvellous 
celerity of roads of iron. They have, in fine, constructed lines of 
electric telegraph which, laid continuously, would extend over a 
space longer by 3000 miles than the distance from the north to the 
south pole, and have provided apparatus of transmission by which 
a message of three hundred words despatched under such circum- 
stances from the north pole might be delivered in writing at the 
south pole in one minute, and by which, consequently, an answer 
of equal length might be sent back to the north pole in an equal 
interval. 

These are social and commercial phenomena for which, it 
would be vain to seek a parallel in the past history of the 
human race.* 

* Lardner on the Great Exhibition, p. 251. 
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between the two Languages. A List of Idioms, with 
Explanations, Mercantile Terms, Correspondence, and 
Essays. i2mo. 3s. 6d. 

MERLET'S STORIES FROM FRENCH 

WRITERS ; in French and English Interlinear (from 
Merlet's " Traducteur "). Seventh Edition. i2mo. 2s. 

MERLET'S APERQU DE LA LITTERATURE 
FRANfAISE. nmo. 2s. 6d. 
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Londzn Latin and Greek Grammars. 
THE LONDON LATIN GRAMMAR; in- 

ci-ii^? tie Etin Syntax az:d Fi\>>ody ia Er^Irsb. accom- 
pizie-i ■=-!:"- N:tes. Tvre-r-nfih Edition. Fop. Svo, 
is. OL. clzth. 

THE LONDON GREEK GRAMMAR 

Desizned *o exhibit, is small compiss, the Element of 
the Greek language. Eighth Edition. 12 mo. is. od., 

cl Dih. 

Greek and Latin Reading Books, etc. 

NEW LATIN READING BOOK; consisting 
of Short Sentences. Easy Narrations, and Descriptions, 
selected from Caesar's Gallic War ; in Systematic Pro- 
gression. With a Dictionary. Thini Edition., revised 

izmo. 2 s. 6d. 

NEW LATIN DELECTUS; being Sentences 
for Translation from Latin into English, and English into 
Latin ; arranged in a Systematic Progression. By Dr. 
Alexander Allen. Sixth Edition. i2mo. 4s., cloth. 

A NEW GREEK DELECTUS; being Sentences 

for Translation from Greek into English, and English into 
Greek ; arranged in a systematic Progression. By Dr. 
Raphael KChner. Translated and Edited from the 
German, by the late Dr. Alexander Allen. Eighth 
Edition. i2mo. 4s. 

THE GREEK TESTAMENT ROOTS, in a 

Selection of Texts, giving the Power of Reading the 
whole Greek Testament without difficulty. With Gram- 
matical Notes, and a Parsing Lexicon, associating the 
Greek Primitives with English Derivatives. By G. K 
Gillespie, A.M. Post 8vo. 7s. 6d , cloth. 

THE ANABASIS OF XENOPHON. Expressly 

for Schools. With Notes, Index of Names, and a Man. 
By J. T. V. Hardy, B. A., late Principal of Huddersfield 
College; and Ernest Adams, Ph.D. i2mo. 4s. 6d. f 

cloth. 
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Crude Form System. 

" By discerning from the outset the stem (or crude form) 
of declined words, the learner is prepared to understand the 
principles of higher philology." '—Public School Latin 
Primer. 

CONSTRUCTIVE LATIN EXERCISES, for 
teaching the Elements of the Language on a System of 
Analysis and Synthesis ; with Latin Reading Lessons and 
Copious Vocabularies. By John Robson, B.A., Lond., 
late Assistant-Master in University College School. 
Fourth Edition. i2mo. 4s. 6d., cloth. 

A GREEK GRAMMAR, on the System of Crude 
forms. By J. G. Greenwood, B.A., Professor of the 
Languages and Literature of Greece and Rome in Owens 
College, Manchester. Second Edition. Small 8vo. 5s. 6d. 

FIRST GREEK BOOK: Containing Exercises 
and Reading Lessons on the Inflection of Substantives 
and Adjectives, and of the Active Verb in the Indicative 
Mood. With copious Vocabularies. Being the First 
Part of the " Constructive Greek Exercises." By John 
Robson, B.A. iamo. 3s. 6d., cloth lettered. 

CONSTRUCTIVE GREEK EXERCISES, for 
Teaching the Elements of the Language, on a System of 
Analysis and Synthesis, with Greek Reading Lessons and 
copious Vocabularies. By John Robson, B.A., London, 
late Assistant-Master in University College School. 
i2mo., pp. 408. 7s. 6d., cloth. 

New Latin Exercises. 

ANALYTICAL LATIN EXERCISES. By 
C. P. Mason, B.A., Fellow of University College, 
London. 12 mo. 3s. 6d., cloth. 

These Exercises are based, as regards the Accidence, on the Crude 
Form system, which is so applied that the work may be used in connexion 
with any of the best school grammars in current use. The study of the 
Accidence is succeeded by a systematic development of the formation 



and meaning of compound and derived words. The general object of 
the book is to give the learner a clear understanding of the formation and 
sense of the words of the Latin language, and of the constructions in 



the book is to give the learner a clear understanding of the formation and 
sense of the words of the 
which they are employed. 
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